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ABSTRACT
Since its inception in 1985, the federally managed Conservation Reserve
Program (CRP) has contributed to land-use/land-cover change (LUCC) in areas
throughout North Dakota. Concurrently, the Devils Lake Basin and surrounding
Prairie Pothole Region (PPR) in North Dakota has experienced pervasive lake
and wetland flooding. Unsurprisingly, a clustering of CRP enrollment in certain
counties within the basin has occurred, seemingly coinciding with the flooding.
Analysis of historical county-level CRP enrollment data pertaining to counties in
North Dakota revealed that Nelson County, which is partially within the basin, has
developed as a CRP hotspot in the state and has had the greatest increase in
the density of CRP acreage amongst the counties in the region. We hypothesize
that this high enrollment is the response of farmers losing arable lands and/or
field access to the rising waters in the region, thus making CRP enrollment an
economically viable option. This study uses Landsat data and GIS analysis to
document LUCC and the forces driving it associated with CRP grassland and
pervasive lake and wetland flooding in Nelson County. Because CRP field
locations are not available from the federal government, we used multi-temporal
classification techniques (three scenes per year) to derive land-cover maps from

xii

Landsat Thematic Mapper data for five growing seasons (1984, 1991, 1998,
2005, and 2011). We mapped CRP grassland at more than 90% accuracy
with validation data derived from interpretation of historical aerial photography
and, in the case of 2011, data gathered in the field. LUCC change analysis was
done using raster GIS. We found an increase in the amount of CRP grassland in
the study area between 1991 (19,688 ha) and 2005 (35,612 ha) and then a
decline to 2011 (27,856 ha). Spatial analysis revealed a clustering of CRP in
1991 in the Sheyenne and Goose river valleys, likely attributable to those lands
being considered of greater conservation importance. By 1998, a more diffuse
pattern starts to emerge that is likely related to the wetland expansion across the
county and updated federal policies regarding CRP eligibility and wetlands. The
trend of diffuse distribution continued with the explosion of wetland expansion in
the early 2000s.

xiii

CHAPTER I
INTRODUCTION
Documenting and studying the driving forces, rates, and consequences of
land-use/land-cover change (LUCC) is of great importance because it is
significant on global, regional, and local scales (Richards 1984; Loveland et al.
1999; Foley et al. 2005). Environmental concerns ranging from local water
quality to global climate change can benefit from knowledge derived from studies
examining LUCC. There are also important social implications, including the
wellbeing and sustainability of local and regional economies, and the impacts of
globalization. Remote sensing techniques and geographic information systems
(GIS) continue to play vital roles in monitoring, analyzing, and managing LUCC.
This study will use remote sensing techniques and GIS analysis to document
LUCC and the forces driving it associated with the Conservation Reserve
Program (CRP) and pervasive lake and wetland flooding in the Prairie Pothole
Region (PPR) and Devils Lake Basin in eastern North Dakota.
Since its inception in 1985, the federally funded and managed CRP has
contributed to LUCC in areas throughout North Dakota, often to the benefit of
local economies and ecosystems, and at great cost to taxpayers at a national
level. During almost the same timeframe, the Devils Lake Basin and surrounding
PPR in North Dakota have experienced hazardous conditions in the form of
1

pervasive and increasing lake and wetland flooding since the early 1990s.
Unsurprisingly, a clustering of CRP enrollment in certain counties within the
Basin has occurred, seemingly coinciding with the persistent and worsening
flooding. Analysis of historical county-level CRP enrollment data pertaining to
counties in North Dakota revealed that Nelson County, which is partially within
the Devils Lake Basin, has developed as a CRP hotspot in the state and has had
the greatest increase in density of CRP acreage amongst the counties in the
region. Because of its unique position of being a CRP hotspot, Nelson County is
a prime study area. This high enrollment may possibly be the response of
farmers losing arable fields and/or field access to the rising waters in the region,
thus making CRP enrollment a more viable option. However, it is also
conceivable that the high enrollment is more closely related to saline soils
prevalent in certain parts of the basin, or simply a response to commodity prices
or other economic factors. It is most likely that CRP enrollment decisions are
based on a combination of these factors.
Numerous studies have examined the consequences of CRP enrollment
patterns (e.g., Leathers and Harrington 2000; Egbert et al. 2002; Bangsund et al.
2004), but few have studied the forces driving enrollment. The questions this
study seeks to answer are: “What are the spatial and temporal patterns of CRP
enrollment in Nelson County and what factors are driving these patterns?”
Because spatial CRP data at a sub-county level are confidential between the
U.S. Department of Agriculture (USDA) and land owners, there was a need to
2

develop a remote sensing solution to accurately map CRP grasslands in Nelson
County. Methodology successfully used to map CRP grasslands in
southwestern Kansas by Egbert et al. (1998), which extracts areas of CRP from
multi-temporal Landsat TM imagery, was adapted and applied to accomplish this
goal. The resulting spatial data and maps were used to explore the research
questions, and to provide a basis for future work.

Study Area
Selecting Nelson County
Since 1993 the Devils Lake Basin (Fig. 1) has experienced significant
rises in water levels throughout as a result of a decade-long wet spell (Todhunter
and Rundquist 2008). It is a closed drainage basin, meaning that the area drains
to an inland terminal lake instead of to the sea. The terminal lakes in closed
drainage basins are most always saline, with water levels that are highly
susceptible to the impacts of a changing climate (Williams 1996). During periods
experiencing greater amounts of precipitation, water levels in the Devils Lake
Basin have the potential to rise enough so that water from the basin will spill over
and drain into the nearby Sheyenne River, which is a tributary to the Red River of
the North that ultimately drains into Hudson Bay (Todhunter and Rundquist
2004). Early on in the study it was decided that the scope would be reduced to
just one county within or partially within the Devils Lake Basin in eastern North

3

Figure 1: Map of the Devils Lake Basin, North Dakota. Sources:
basemap/imagery -- ESRI (2010); watershed boundary -- ND Department of
Health (1990).

Dakota. To determine the nature of spatial and temporal patterns in CRP
enrollment in the overall region, county-level statistical data for yearly CRP
acreage for the state of North Dakota were obtained from the U.S. Department of
Agriculture Farm Service Agency (FSA). To verify if significant clustering of high
4

CRP enrollment exists in North Dakota, the FSA CRP data were integrated into
GIS using ArcGIS Desktop 10.0 (Environmental Systems Research Institute,
Redlands, CA) and were analyzed for high/low clustering using the Getis-Ord
General G statistic and hotspots were determined using the Getis-Ord Gi*
statistic (Getis and Ord 1992). Enrollment data pertaining to the counties within
the study area were then examined for patterns.
The results of the General G statistics indicate a trend over time toward
increasingly significant clustering of high percentages of CRP acres by county
(Table 1). Figure 2 reveals that increased and sustained clustering of high
values are apparent in counties in and adjacent to the southern and eastern
portions of the Devils Lake Basin.
Table 1: Summary of the Z-scores and p-values from the Getis-Ord General G
statistics for statewide CRP percentages of total land area by county. Significant
values at a 95 percent confidence level are in bold.
Year

Z-score

p

1990
1995
2000
2005
2010

1.34
1.32
4.82
4.96
5.02

0.18
0.19
<0.0001
<0.0001
<0.0001

The counties within the basin all show a similar pattern for percentage of
lands enrolled in CRP over time (Fig. 3). Eddy, Nelson, and Walsh counties
generally had the largest percentages of CRP lands, while Benson and Cavalier
counties generally had the least. The largest increases since the onset of
5
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Figure 2: Results of Getis-Ord Gi* statistic hotspot analysis. Critical values for significant Z-scores are 1.96 and 1.96 at a confidence level of 95 percent.

Figure 3: Yearly CRP enrollment as a percentage of total land area for the
counties completely or partially within the Devils Lake Basin study area.

flooding within the basin in 1993 occurred after 1998, with an abrupt spike in
enrollment between 1997 and 1998. Because Nelson County stands out as an
emerging CRP hotspot over time and having the highest density of CRP
enrollment in the basin, it will be the primary focus of this study.

Nelson County Background Information
Nelson County is located within the PPR in east-central North Dakota and
covers approximately 261,148 ha (645,311 acres). It is located in the Northern
Glaciated Plains ecoregion, which is generally characterized by flat to smooth
plains, natural vegetation of mixed prairie grasses (e.g. wheatgrass, bluestem,
7

needlegrass), predominately agricultural land use consisting of mostly cropland,
and soils consisting of cool moist Mollisols (Omernik 1987). The county is
located in the Western Lake section of the Central Lowland physiographic
province. Common visible physiographic features in the region are usually
glacial in origin and include moraines, prairie pothole lakes, and lacustrine plains
(Fenneman 1928). The county is made up of five distinct physiographic regions:
a glacial till plain, a water-planed glacial till plain, an outwash plain, the Stump
Lake Basin (part of the greater Devils Lake Basin), and the major stream valleys
(Fig. 4). The elevation of the county ranges from approximately 396 m (1,300 ft)
above sea level to about 518 m (1,700 ft) at its highest at Blue Mountain. Local
relief ranges from 3 to 12 m (9.8 to 39.4 ft) in most locations but can range from 8
to 30 m (26.2 to 98.4 ft) on glacial features such as end moraines and eskers, as
well as at stream terraces (Heidt et al. 1989).
The portion of Nelson County that is within the Devils Lake drainage basin
is approximately its northwest quarter, while the remainder of the county is
dissected by the Forest, Turtle, Goose, and Middle Sheyenne river basins.
Runoff in the county is generally poorly defined and often accumulates in sloughs
or small lakes. Runoff in the northeast corner flows into the Red River of the
North after draining into small coulees. The central eastern portion of the county
is drained by the Goose River, while the south-central and southwestern portions
are part of the Sheyenne River drainage (Heidt et al. 1989).

8

Figure 4: Physiographic features of Nelson County, North Dakota (Heidt et al.
1989).
The climate of Nelson County is continental, with hot summers and cold
winters. Most of the precipitation during the year falls during the warm times of
year (April through September) (Heidt et al. 1989). The growing season
generally falls within this same period. During historic times, the region has
experienced variable precipitation patterns. The driest times on record were in
the 1940s. Since the 1970s, and especially since the 1990s, there has been an
increase in precipitation resulting in rising water levels (Wiche et al. 2000).

9

Nelson County Land Use/Land Cover
Of the approximately 261,148 ha (645,311 acres) in Nelson County,
222,626 ha (550,121 acres) were considered farmland (85%) by the 2007 USDA
Census of Agriculture, of which 184,971 ha (457,073 acres) were total cropland.
The most common crops as of 2011 planted in Nelson County included small
grains (wheat, barley), canola, corn, and soybeans (Twedt 2011). These same
crop types dominated Nelson County in 2007, but in 2002 sunflowers were more
prevalent while corn was not (Table 2). During the 1980s and 1990s soybeans
and canola were not prevalent in the county and in their place were sunflowers
and oats (Table 2).
Besides cropland other agricultural land use in the county consists of
pastureland, woodland, farmstead plots, roads, and CRP or other enrollment
programs (Table 3). Land cover in CRP most commonly consists of seeded
ground cover species mix known as dense nesting cover (DNC) (Twedt 2012).
DNC in this case refers to a mix of tall wheatgrass (Thinopyrum elongatum),
intermediate wheatgrass (Thinopyrum intermedium), alfalfa (Medicago sativa),
and sweetclover (Melilotus officinalis and M. alba). Although, over time these
species tend to decline and give way to bromegrass (Bromus) and quackgrass
(Elymus repens) (Twedt 2012). All of these plant species are considered to be
cool-season, meaning the majority of their growth occurs during late spring/early
summer, with a secondary growth occurring in late summer or early fall,
depending on available moisture (Sedivec et al. 2010).
10

Table 2: Hectares of harvested crop types in Nelson County based on Census of
Agriculture estimates (U.S. Department of Commerce 1982, 1987; USDA NASS
1992, 1997, 2002, 2007).
Crop

1982

1987

1992

1997

2002

2007

16,305

25,730

26,257

29,786

10,831

11,563

543

1,028

1,389

3,391

5,384

7,802

Buckwheat

-

49

132

-

-

-

Canola

-

-

-

3,235

10,859

8,107

1,356

1,052

446

1,095

4,378

9,726

507

473

789

615

504

509

Flaxseed

5,574

4,364

1,123

386

2,528

1,433

Hay/forage

9,889

8,311

8,576

7,184

6,703

5,612

57

-

-

-

-

-

-

-

-

252

240

-

3,722

1,915

1,622

1,047

1,201

546

Peas, dry edible

-

-

-

119

289

2,542

Rye

-

645

-

-

-

-

916

852

615

3,220

18,153

25,144

Sunflowers

35,363

19,091

19,761

23,027

10,282

7,224

Wheat, total

86,581

76,604

88,381

64,657

44,565

49,032

Wheat, durum

n/a

n/a

14,081

592

442

1,647

Wheat, spring

n/a

n/a

73,315

63,459

42,780

43,131

Wheat, winter

n/a

n/a

985

-

1,343

4,254

Barley
Beans, dry edible

Corn for grain
Corn for silage

Lentils
Mustard seed
Oats

Soybeans
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Table 3: Hectares of agricultural land-use types in Nelson County based on
Census of Agriculture estimates (U.S. Department of Commerce 1982, 1987;
USDA NASS 1992, 1997, 2002, 2007). CRP data are from USDA FSA (2012b)
records.
Agricultural Land Use

1982

1987

1992

1997

2002

2007

Land in farms

246,113

242,469

223,673

219,034

215,127

222,626

Total cropland

208,310

203,584

190,416

179,791

174,312

184,971

Harvested cropland

157,715

138,154

146,182

135,953

114,011

126,971

5,918

4,114

6,075

4,901

3,022

2,959

12,090

20,660

18,040

28,001

44,245

48,297

2,685

738

4,553

5,323

9,608

3,165

29,903

39,919

15,567

3,615

3,426

3,579

2,233

3,360

2,000

1,643

1,015

2,760

1,138

1,849

1,169

686

585

1,596

15,422

14,941

15,604

16,018

23,853

17,566

20,148

20,584

15,653

21,582

15,948

17,329

11,816

33,666

5,007

n/a

n/a

n/a

n/a

2,637

24,667

24,148

50,892

51,458

n/a

n/a

n/a

n/a

109,168

110,905

Cropland used only for pasture or
grazing
Cropland idle or used for cover
crops, or soil-improvement
grasses, not harvested and
not pastured
Cropland on which all crops failed
Cropland in cultivated summer
fallow
Total Woodland
Woodland Pastured
Pastureland and rangeland other
than cropland and woodland
pastured
Land in house lots, ponds, roads,
wasteland, etc.
Cropland diverted under annual
commodity programs
Land in Conservation Reserve
Program (CRP)
Land enrolled in federal or other
crop insurance program

12

CHAPTER II
LITERATURE REVIEW

Land-Use/Land-Cover Change
Land-cover change, which refers to changes to the biophysical earth
surface (Nagendra et al. 2003), is driven by natural (e.g. climate) and
anthropogenic (e.g. agriculture, logging, construction, water diversion)
processes, and occurs on local, regional, and global scales. Regionally and
locally, changes in land cover can have a great impact on natural systems such
as plant and wildlife communities, nutrient fluxes (particularly the carbon-cycle),
water quality and sedimentation (Lowrance et al. 1985; Loveland et al. 1999;
Pielke Sr. et al. 2002). Globally, land-cover change can have a profound impact
on water and radiation budgets, biodiversity, and the overall global climate
(Loveland et al. 1999; Feddema et al. 2005). Closely coupled with land-cover
change is land-use change, which refers to the decisions made by humans to
alter the landscape (e.g. conversion of prairie to cropland or conversion of forests
to urban areas) and is influenced by socioeconomic, political, and/or other
cultural factors (Nagendra et al. 2003). At their core, many land-use decisions,
especially those involving agriculture, reflect the limitations brought about by
biophysical properties and climate variability. Nevertheless, increasing demands
13

for agricultural products, population growth, economic policies, technology,
and/or climate forces have motivated people to make land-use decisions that
attempt to circumvent natural limitations (Drummond et al. 2012). Despite that
land-use change and the resulting land-cover change has long been viewed as
being directly correlated with the demands of population fluxes and/or poverty,
Lambin et al. (2001) argue much of the change is more closely tied with the
responses by people to institutional intervention and/or economic opportunities.
Worldwide, much of the land-use/land-cover change (LUCC) in the last
300 years has been the result of the conversion of grasslands, and to a lesser
extent forests, to agricultural cropland (265 million ha in 1700 to 1,471 million ha
in 1990) and/or grazing land/pasture (524 million ha in 1700 to 3,451 million ha in
1990) (Goldewijk 2001). Areas experiencing increases in cropland in the last
several decades include Bangladesh, areas along the Indus Valley, areas in the
Middle East and Central Asia, portions of eastern Africa, southern portions of the
Amazon Basin, and the North American Great Plains (Lepers et al. 2005). Some
areas in North America, however, have experienced a reduction of croplands in
recent years (Lepers et al. 2005), a process that has implications for carbon
sequestration, plant community quality and richness, floodwater storage, soil
erosion, and wildlife habitat (Gleason et al. 2008).
Perhaps one of the most obvious outcomes of conversion of cropland to
grassland is a pattern of secondary succession that leads to fluctuations in
species diversity. A study looking at test plots of restored tallgrass prairie in
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Minnesota found that in the first year the plots were dominated by annuals and
biennials, by perennial native composites in the second year, followed by a shift
to warm-season C4 grasses after three years (Camill et al. 2004). The same
study in Minnesota found an increase in the proportion of native species over
time corresponding with an increase in species richness followed by a decline in
richness after seven years (Camill et al. 2004). When compared to cropland,
upland areas that have undergone a conversion from cropland to grassland have
been found to have greater plant species richness (Gleason et al. 2008). The
native plant species richness in these areas, however, still tends to remain lower
than areas that have no history of cultivation (Gleason et al. 2008). Comparing
the species richness of bird species in croplands versus reconverted grassland
reveal no major differences, although the relative abundances are much higher in
the restored grasslands (Ryan et al. 1998).
The conversion of native grasslands to croplands has been known to
reduce the levels of organic carbon in soil and conversion back to grasslands can
help to reverse the effect (Post and Kwon 2000). Areas with a history of
cultivation, including croplands and restored grasslands, have been found to
have less organic carbon than native grasslands (Gleason et al. 2008). A study
focusing on restored grasslands in Minnesota, however, estimated that soil
organic carbon levels will be equivalent to native prairie 55 to 75 years after
conversion from cropland to grassland (McLauchlan et al. 2006). In contrast to
these findings, Breuer et al. (2006) contest that many of the studies comparing
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soil properties (including carbon) between grassland and cropland have failed to
properly take into account soil parent material types or slope, which they argue
are more important factors than land-cover type in determining soil properties.
Another potential result of restoration of grassland is the effect it may have
on water runoff and storage. Converting cropland to grassland could help to
store water and reduce peak run-off rates (Gerla 2007), thus potentially reducing
flood hazards downstream (Gleason et al. 2008). Because of lack of certainty in
modeling and lack of detailed spatial data, these estimates have not been
validated (Gerla 2007; Gleason et al. 2008).

The Conservation Reserve Program (CRP)
A major driver of socioeconomic-influenced land-use conversion of
cropland to grassland in the United States has been the Conservation Reserve
Program (CRP). The CRP is a voluntary natural resource program that was
implemented in 1985 as part of the 1985 Food Security Act. Originally, the main
goal of the program was to take cropland out of production to reduce topsoil
erosion. Additional initial objectives of the program were to reduce the supply of
farm commodities and provide financial support to farmers. As new legislation
was added, certain environmental benefits became larger portions of the
program’s focus. These included reducing sedimentation, improving water
quality, and enhancing habitat for wildlife (USDA FSA 2007). This change in the
program’s emphasis from erodible lands to lands that are considered being of
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environmental importance had an impact on the spatial distribution of lands
enrolled in the CRP (Todhunter and Rundquist 2008).
Currently, the CRP is administered by the USDA FSA with support from
the National Resources Conservation Service (NRCS) and is funded through the
Commodity Credit Corporation (CCC). To be eligible for CRP enrollment,
producers must have owned or operated the land for at least one year prior to
sign-up. The duration of contracts for the CRP is between 10 and 15 years. For
lands to be eligible for enrollment they must either be cropland that has been
planted and capable of being planted, or pastureland enrolled in the Water Bank
Program, or be useful as a riparian buffer, or have usefulness for similar water
quality purposes. Furthermore, cropland must either have a weighted average
erosion index (EI) of 8 or higher, be expiring CRP, or be located within a national
or state CRP priority area (USDA FSA 2007). In 2003 the FSA added carbon
sequestration to the list of environmental goals of the CRP. The FSA computes
an Environmental Benefits Index (EBI) based on all of these environmental goals,
which it uses to rank applications and decides on a minimum cutoff EBI score for
each CRP sign-up (Cowan 2010).
The 1985 Food Security Act capped national enrollment in the program at
16.2 to 18.2 million ha (40 to 45 million acres), but successive revisions to the
law adjusted the amount of allowed enrollment. The 1996 Farm Bill capped
enrollment at 14.8 million ha (36.5 million acres), whereas the Food Conservation
and Energy Act of 2008 set the limit through 2009 at 15.9 million ha (39.2 million
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acres) and reduced the amount for 2010, 2011, and 2012 to 12.9 million ha (32
million acres) (USDA FSA 2012b). The enrollment for each county is capped at
25% of the county’s total cropland (Cowan 2010). Nationwide, CRP enrollment
in 2011 was 12.0 million ha (29.6 million acres) (Fig. 5) and total rental payments
were $1,717 million (USDA FSA 2012b). The average rental rate for CRP land
as of July 2010 was $53.24 per acre (Cowan 2010).

Figure 5: October 2011 CRP Enrollment Acreage by County (USDA FSA 2012).
Various studies have examined the environmental and economic impacts
of the CRP (e.g. Nellis et al. 1996; Bangsund et al. 2002; Leistritz et al. 2002;
Phillips and Beeri 2008; Rao and Yang 2010). Conversion of cropland to CRP
grassland has shown potential to reduce soil and nutrient losses (Gleason et al.
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2008). Wildlife have benefitted greatly from the program. For instance, it is
estimated that in the Prairie Pothole Region (PPR) of the Great Plains the CRP
contributed to a 30% improvement in duck production between 1992 and 1997
(Reynolds 2000). Other game species that have been shown to benefit from the
CRP include ring-necked pheasants (Phasianus colchicus) (King and Savidge
1995) and white-tailed deer (Odocoileus virginianus) (Luttschwager and Higgins
1992). In addition, landowners have benefitted from income provided by CRP
rental rates and the new abundance of game birds has enhanced local
economies related to recreation and tourism associated with hunting (Leistritz et
al. 2002). It is estimated that between 1996 and 2000 recreational hunting
revenues as a result of the CRP in 16 North Dakota counties were at $12.8
million annually, which offset estimated agricultural losses by 26% (Bangsund et
al. 2004).
Recreational-related income does not always augment agricultural income
losses because of CRP enrollment, however, which is a concern in communities
in areas where CRP enrollment is high (Bangsund et al. 2002). Agricultural
income losses are not only related to reduced crop production but also include
losses from farm supply and service industries (e.g. fuel, fertilizer, farm labor,
machinery) (Leistritz et al. 2002). Despite findings that farmers tend to value the
environmental benefits of CRP enrollment (Vukina et al. 2008), a recent survey of
North Dakota farmers revealed that nearly half (48%) are considering returning
their CRP lands to crop production once their contracts expire (Atkinson et al.
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2011). They mostly cite higher market prices for crops as their reason for doing
so (i.e. crop prices are high enough so that the income provided by them
outweigh the income provided by CRP payments) (Atkinson et al. 2011). An
empirical study on the effects of CRP on the economic well-being of farm
households found that CRP participation in lower income households was
associated with an increase in household consumption, but a decrease in income
and savings. Conversely, participation in the CRP by median and higher income
households was associated with reduced household consumption and income,
but higher savings (Chang et al. 2008).
Higher commodity prices and a greater demand for crops, combined with
a reduction in allowable CRP acreage at the federal level in recent years have
raised concern amongst wildlife and outdoor enthusiasts about the program’s
decline, which would mean a reduction in habitat for many game species (Wilson
2011). For example, conversion of CRP back to cropland has been linked to a
decline in ring-necked pheasant populations in South Dakota (Laingen 2011). In
general, there is a mixed opinion among community leaders and landowners
about the positive and negative effects of the program (Leistritz et al. 2002).
Upon converting fields to CRP landowners are required to seed them with
approved introduced grass and legume mixes to establish ground cover or
enhance existing ground cover. Seeding is required within 12 months of the
CRP contracts effective date. This is done to help to ensure that the program’s
goals of reducing soil erosion and sedimentation, improving water quality, and
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creating or enhancing wildlife habitat are met (USDA 2011). Haying and/or
grazing CRP is generally not permitted, except during declared emergency
situations. Landowners are required to treat their CRP lands for weeds on an asneeded basis. Recommended weed control methods include mowing, burning,
or herbicide use (Egbert et al. 2002). As of the 26th signup in 2003 owners of
newly enrolled lands are required to perform mid-contract management to
enhance habitat diversity of CRP fields (Negus et al. 2010), doing so by allowing
wildlife to take advantage of early-growth vegetation, providing habitat for
species on the decline, and removing dominant woody vegetation. Fifty percent
cost-sharing is provided by the USDA FSA for the following mid-contract
management practices: shallow disking, prescribed burning, herbicides, and
inter-seeding. Mid-contract management must be performed prior to the seventh
year of a 10-year contract and prior to the 10th year of a 15-year contract
(Johnson 2012). Because CRP lands tend to be areas that were once cropland
and are not allowed to be hayed or grazed they are often easily identifiable at the
ground level. Unless CRP lands are undergoing weed control and/or midcontract management, which does not occur often, they tend to consist of
uniformly dense stands of grasses, shrubs, and forbs without fences around their
perimeters (Egbert et al. 2002).
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Methods for Mapping CRP
For the purposes of studying and assessing the spatial distribution of CRP
over time there is a need for relatively accurate maps of CRP at different time
intervals. Few maps of this nature exist and the maps that do exist often have
low spatial resolution (often no greater than county level), limited accuracy, and
are often not available in digital format (Egbert et al. 1998, Song et al. 2005).
Moreover, non-digital and digital spatial data that do exist are not available to
individuals outside of the USDA for the purposes of maintaining confidentiality for
landowners. Thus, researchers outside of the USDA trying to conduct spatial
studies regarding CRP are forced to use alternative means to acquire spatial
CRP data.
In the past the USDA FSA has used aerial photography to manually
delineate CRP at a county level (Song et al. 2005). Mapping CRP in this way
could be accomplished by having enrollment records of CRP containing certain
special identifiers (e.g. township, range, section) and manually finding the areas
on aerial photos. Using the basic elements of image interpretation one could
then delineate CRP areas. This approach, however, takes a considerable
amount of human interpretation, thus requiring a great deal of time and human
resources. Another option for using aerial photography to map CRP would be to
gather photographs from multiple dates and then visually compare the two
images for agricultural fields that have changed from cropland to grassland,
which would also take considerable amount of human effort. Methods for more
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accurate and efficient production of maps and digital GIS datasets of CRP
grasslands would therefore be more desirable.
Satellite-based remote sensing has greatly enhanced the way in which the
Earth’s surface can be studied and mapped. The U.S.-Government-run Landsat
program, with the first satellite being launched in 1972, has been at the core of
satellite remote sensing development (Cohen and Goward 2004). Landsat data
have been heavily used by scientists to delineate and study features on the
Earth’s surface. The advantages that Landsat data have over aerial photography
are many. They provide a synoptic view, fine detail, repetitive coverage
spanning over 30 years, increased spectral resolution, and are typically more
affordable for the producer as well as the user (as of 2008 Landsat data archives
were made available to download at no cost). In addition, Landsat data are in
digital format, which allows for mathematical and statistical manipulations not
possible with non-digital data and allows for easy integration into GIS (Cohen
and Goward 2004; Campbell 2007). For these reasons, Landsat data have often
been the data of choice for land-cover classification studies.
A method used to map agricultural land cover using Landsat data
requiring a significant amount of fieldwork and man-hours was used by
Congalton et al. (1998) in their land-cover study based in the Lower Colorado
River Basin. Their study involved visiting fields to record information about
representative crop types (e.g. crop type, crop height, moisture conditions,
percent cover, crop condition) in their study area and using that collected
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information to designate training sites to be used during image classification. A
process called AUTOSIG, which combines ArcInfo, ERDAS Imagine, and Image
Segmentation Algorithms, was used to extract training sites. After the training
site statistics were generated, they performed a supervised maximum-likelihood
classification to classify the different crop types. An important part of the study,
because of the policy of the U.S. Bureau of Reclamation, was to assure 93%
accuracy overall. Thus an error matrix was used as an accuracy assessment
and the authors concluded that their methods were successful in meeting this
benchmark.
Another approach used for the accurate classification and mapping of
agricultural land cover using remotely sensed data has been to use multitemporal Landsat data. This is because single date data usually fail to allow for
taking into account phenological changes in the vegetation associated with
different land-cover types over the course of a growing season. The phenology
of a plant is a description of its seasonal growth pattern (Campbell 2007).
Seasonal, or lack of much observable change for that matter, reveal a great deal
of information about the different types of land cover. This is particularly
important when dealing with a great amount of variation among land-cover types
across a landscape (Lo et al. 1986). In the case of mapping grassland and
cropland, the spectral reflectance values for either land-cover type should
theoretically differ over the course of a growing season. Perhaps making the
mapping of cropland versus non-croplands easier is the fact that farmers within
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fairly broad regions generally have a well-defined field preparation, planting, and
harvesting schedule, or crop calendar, which is based on regional climate, local
customs, and economic drivers (Campbell 2007). These crop calendars make
the task of differentiating crop types and especially cropland from grassland on
multi-date satellite imagery relatively easy. Analyses on single date scenes
rarely reveal enough information to properly identify different land-cover types in
an agricultural setting (Lo et al. 1986).
A typical agricultural field crop in North Dakota will theoretically start out in
the spring as bare soil, because of the plowing and planting process, with
emergence in late spring/early summer. By mid-summer they usually will greenup with a great deal of near-infrared (NIR) reflectance, and shortly thereafter
senescence (i.e. drying and deterioration of the plant structures) sets in, altering
the spectral response because of a reduction in the amount of red wavelength
absorption by chlorophyll and a reduction of green and NIR reflection by the leaf
structure (Campbell 2007). During the fall harvest crops are reduced to stubble,
or bare soil if tilled, after harvest creating yet another type of spectral response.
Table 4 shows typical planting and harvesting dates of selected crops in North
Dakota. Most of the planting, with the exception of winter wheat, occurs between
March and May, while most of the harvesting happens from August to October.
For the purposes of classifying and mapping CRP grasslands, multitemporal data are crucial because they help to determine which fields are
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Table 4: Typical planting and harvesting dates of selected crops in North Dakota
(USDA NASS 2010).
Typical planting dates

Typical harvesting dates

Crop

Begin

Most active

End

Begin

Most active

End

Barley

Apr 19

Apr 26 – May 25

Jun 3

Jul 28

Aug 4 – Sep 3

Sep 16

Beans, dry edible

May 14

May 19 – Jun 6

Jun 13

Aug 30

Sep 7 – Oct 11

Oct 26

Corn for grain

Apr 26

May 2 – May 28

Jun 4

Sep 28

Oct 8 – Nov 19

Dec 6

Corn for silage

Apr 26

May 2 – May 28

Jun 4

Aug 27

Sep 6 – Oct 5

Oct 14

Flaxseed

Apr 30

May 7 – Jun 3

Jun 12

Aug 17

Aug 26 – Oct 3

Oct 15

Hay, alfalfa

n/a

n/a

n/a

Jun 10

n/a

Sep 6

Hay, other

n/a

n/a

n/a

Jun 19

n/a

Sep 2

Oats

Apr 19

Apr 26 – May 25

Jun 3

Jul 28

Aug 5 – Sep 5

Sep 18

Soybeans

May 7

May 14 – Jun 3

Jun 11

Sep 17

Sep 24 – Oct 21

Nov 5

Sunflowers

May 14

May 19 – Jun 8

Jun 15

Oct 1

Oct 9 – Nov 10

Nov 23

Wheat, durum

Apr 23

May 2 – May 31

Jun 8

Aug 7

Aug 15 – Sep 23

Oct 5

Wheat, spring

Apr 16

Apr 24 – May 25

Jun 3

Aug 1

Aug 8 – Sep 13

Sep 25

Wheat, winter

Sep 6

Sep 10 – Sep 25

Oct 2

Jul 15

Jul 20 – Jul 29

Aug 10

obviously not CRP but instead are agricultural crops by examining their typical
seasonal growing patterns. Multi-temporal imagery will also reveal fields that
were once agricultural crops and have been turned into grassland, suggesting
enrollment in the CRP. In addition, fields that have been brought out of the CRP
and back into production are likely to be revealed by multi-date Landsat data.
Egbert et al. (1998) created digital maps of CRP grasslands using multitemporal Landsat Thematic Mapper (TM) imagery with an 88.3% producer’s
accuracy, meaning 88.3% of reference CRP lands were correctly classified.
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Their study area was Finney County in southwestern Kansas. At the time of the
study, cropland and grassland accounted for 98% of the county’s area. To
accomplish their goal of accurately mapping CRP land they selected Landsat TM
imagery from three dates (early May, late July, and late September) from the
years 1987 and 1992. Imagery from spring, summer, and fall were chosen to
take advantage of the phenology (i.e. seasonal growth changes) of crops and
grasslands in Finney County.
After reducing the dimensionality of their data using the optimum index
factor (OIF) Egbert et al. (1998) used an unsupervised classification technique on
12-band data sets for each year to separate grasslands from croplands using
one 100 spectral clusters (i.e. classes). Each resulting cluster was then overlaid
on multispectral imagery to assign each to cropland or grassland. All clusters
associated with other land-cover types were assigned to a background category.
Representative cover type reference data used in this procedure included color
infrared National High Altitude Aerial Photography (NHAP), panchromatic Kansas
Reappraisal Photography, crop compliance color slides from the FSA, and field
maps notes and photographs. “Cluster busting” techniques were used to correct
the confused classes resulting from the unsupervised classification. Accuracy
was assessed using land-cover types that were determined through photointerpretation of NHAP and Kansas Reappraisal photography in a previous study.
The producer accuracy for recognition of crops was estimated to be 99.2% for
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the 1987 map and 99.5% for the 1992 map. For grassland the producer
accuracy was estimated at 93.1% for 1987 and 97.3% for 1992.
To extract CRP tracts of land, Egbert et al. (1998) used a postclassification comparison change detection technique where pixels are compared
between two classed images. The resulting image in this process reveals pixels
placed in separate classes on the two scenes. This method is preferred for a
study such as this because it specifies the pixels that have changed, as well as
information about the types of classes that have changed (as opposed to other
methods that only reveal pixels that have changed without specifying the class).
The post-classification comparison method relies on the assumption that the
compared scenes are accurately registered to each other and are accurately
classified. Without accurate registration and classification there is the potential
for misidentifying registration or classification errors as temporal changes
(Campbell 2007). The assumption used as a justification for using this method
was that areas that experienced change from cropland to grassland from 1987 to
1992, which represents the early stages of the CRP, were representative of CRP
tracts. Egbert et al. (1998) assessed the accuracy of their resulting maps
through visual analysis, comparison with NRCS hand-drawn maps, and crosstabulation with ground-reference sites.
Another attempt at mapping CRP with remotely sensed data was made by
Song et al. (2005), where they developed an automated tool for accurately
mapping CRP lands, with the intent of being able to map CRP lands at the
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national scale. They argue that the Egbert et al. (1998) study methods for
delineating CRP tracts require more than desirable amounts of human
interpretation and intervention. To accomplish their goal Song et al. (2005)
tested the use of two machine learning approaches: 1) decision tree classifier
(DTC) and 2) support vector machines (SVMs). Machine learning is a concept
where a computer is able to recognize repeatedly occurring patterns and to use
information from past experiences to improve its performance. The study used
multisource GIS data for the study area in Texas County, Oklahoma, including:
Landsat satellite imagery, vegetation indices such as the Normalized Difference
Vegetation Index (NDVI), 20 layers of texture information, elevation, slope,
distance to water, and CRP reference data. To put the methodology simply,
areas of known CRP were identified and used to train the computer into
recognizing areas sharing significantly similar variables related to the GIS layers
as also being CRP. The results were fairly successful and found that the SVM
method performed better than the DTC method. They found that the vegetation
indices only marginally improved the mapping results. The layer of texture
information contributed significantly to classification accuracy. Also, they found
that the GIS layers of elevation, distance to water, and slope improved
classification. The correlation of CRP location to elevation, distance to water,
and slope variables was attributed to the CRP enrollment policies of the FSA.
The methods developed and utilized by Song et al. (2005) would undoubtedly be
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useful to geographers, natural resource managers, and agricultural agencies if
they were consolidated into a more user-friendly computer program.

Using Remotely Sensed CRP Data to Identify Consequences and Drivers
The maps and GIS data produced using the different methodologies
described above have the potential to be useful for resource management
purposes as well as for an assortment of environmental and socioeconomic
studies. Egbert et al. (2002) studied the change in landscape structure brought
about by the introduction of the CRP in Finney County, Kansas, finding that total
grassland area, percent of area in grassland, and mean grassland patch size
increased because of CRP. They also found that in Finney County patch
density, edge density, mean shape index, nearest neighbor distance, and the
interspersion juxtaposition index all showed relatively little change because of
CRP.
Nellis et al. (1996) also used the spatial CRP data from the Egbert et al.
(1998) study in a GIS to evaluate if spatial associations exist between CRP lands
and other environmental factors (e.g. soil properties, erosion index (EI), aquifer
thickness). They found there to be an inverse relationship between CRP lands
and aquifer thickness and a direct relationship between CRP distribution and soil
quality. The inverse relationship with aquifer thickness suggests that water
availability is a key driving factor in the land-use decisions of farmers.
Interestingly, the soil family most associated with CRP in Finney County is
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considered to be highly suitable for cultivation, even more so than the soils found
beneath much of the cultivated land in the county at the time of their study. In
addition, their results indicated that in CRP lands the soil erosion index was lower
than areas where typical crops were grown. Wu et al. (2002) expanded the
Finney County study and examined the potential of even more environmental
associations with CRP lands. They found that aquifer thickness combined with
the presence of gas or oil fields had a spatial association with CRP lands,
whereas other factors (e.g. soil, physiography, and slope) had no significant
association with CRP distribution.
Further studies have examined the effects of CRP on groundwater
depletion. Kettle et al. (2007) found there to be a relationship between
groundwater depletion and agricultural land-use change in Wichita County,
Kansas. Rao and Yang (2010) found there to be an association between CRP
lands and groundwater recharge of the High Plains aquifer in Texas County,
Oklahoma, suggesting that CRP lands have the potential to slow the rate of
drawdown of the aquifer.
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CHAPTER III
METHODS
Digital maps depicting the location of CRP lands during different years are
required to perform spatial and temporal analyses on CRP enrollment and thus
analyze the drivers of enrollment from a GIS and remote sensing perspective.
Because data on individual CRP plot locations are confidential and not freely
distributed by government agencies, maps of estimated CRP lands within the
study area were produced from Landsat TM imagery in a manner similar to the
methodology applied by Egbert et al. (1998) in their study of Finney County,
Kansas. This method applies unsupervised classification to a within-growingseason multi-temporal stack of TM imagery with the goal of separating
grasslands from croplands by exploiting the phenology of different vegetation
land covers. Included in the multi-temporal stack are scenes representative of
key stages in the annual growth cycles of the vegetation covers of interest in the
study area.
Following classification of grassland and cropland for the growing seasons
of interest, non-CRP grasslands are separated from CRP grasslands using raster
GIS change detection techniques to identify pixels that were cropland prior to the
start of the CRP that changed to grassland after the CRP was initiated, under the
assumption that those pixels represent CRP lands. CRP maps for subsequent
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years can then be produced using change detection techniques to determine the
extent of conversion of cropland to CRP, or conversely, the conversion of CRP to
cropland.

Landsat Thematic Mapper (TM) Imagery
The data used for the remote sensing and GIS components of this study
are satellite images collected by the TM sensor on the Landsat 5 satellite, which
was launched 1 March 1984. The TM sensor records information from seven
spectral bands (Table 5), including six visible and infrared bands each with 30 m
spatial resolutions and one thermal band with a 120 m spatial resolution. The
satellite repeats its coverage every 16 days and each “scene” recorded is 170 km
x 185 km (106 mi x 115 mi) in size (USGS 2010). Landsat scenes are organized
according to the Worldwide Reference System (WRS) of unique Path and Row
locations.
Table 5: Summary of TM sensor band characteristics (USGS 2010).
Band

Spectral Description

Spectral Range

Spatial
Resolution

1

Visible, blue-green

0.45 - 0.52 μm

30 m

2

Visible, green

0.52 - 0.60 μm

30 m

3

Visible, red

0.63 - 0.69 μm

30 m

4

Near infrared

0.76 - 0.90 μm

30 m

5

Mid-infrared

1.55 - 1.75 μm

30 m

6

Far infrared (thermal)

10.40 - 12.50 μm

120 m

7

Mid-infrared

2.08 - 2.35 μm

30 m
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Image Selection
Information about the phenology of the representative vegetation types in
a given study area is needed to select imagery acquired on dates that allow for
successful multi-temporal classification. Generally, the range of temperature for
physiological processes in plants to occur is between 0º C and 40º C (Went
1953). Plants begin to develop at a given base temperature above 0º C and the
rate of development increases with increases in temperature to a given optimal
temperature. When temperatures exceed the optimal range developmental rates
diminish and cease to exist once a maximum temperature is reached. Because
of this relationship between temperature and plant development rate, the concept
of growing degree-days (GDD) was developed (Bonhomme 2000). GDD is a
measure of heat accumulation from the start of spring growth. The date of
initiation of growth in the spring is determined by finding the day(s) in the spring
when the base temperature required for a plant species to initiate growth is
reached. The value for GDD for any given date is expressed as the average of
the minimum and maximum temperatures on that day minus the determined
base temperature:
;
where Tmax is the maximum daily temperature, Tmin is the minimum daily
temperature, and Tbase is the base temperature. The GDD for each day between
any chosen date and the initial growth date are summed to determine the
accumulated GDD for that date.
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Because the plants typically found in Nelson County CRP fields are coolseason varieties, their base temperature is 0º C (32º F) (Frank et al. 1993). In
addition, research conducted by the USDA Agricultural Research Service in
Mandan, North Dakota, found that for cool-season perennial grasses the best
time to start accumulating GDDs is on the first day after March 15 that the
average daily air temperature exceeds 0º C (32º F) for five consecutive days
(Frank and Hofmann 1989).
To calculate GDD, daily surface climate data from a weather station in
Petersburg, North Dakota, (Station ID: GHCND:USC00327027) were retrieved
from the National Oceanic and Atmospheric Administration (NOAA) website
(http://www.ncdc.noaa.gov/cdo-web). The calculated GDD were then used to
determine which TM scenes would be suitable for determining vegetation cover
type. For example, TM scenes prior to natural plant development would coincide
with dates that show zero or very low numbers of accumulated GDD. These
scenes would be too early in the year to interpret vegetation cover and therefore
were eliminated from being potentially useful in the study.
Ideally, the first TM scene for a given growing season multi-temporal stack
would coincide with early, visible development of non-crop vegetation but before
crop development, thus revealing areas likely to be crops and areas likely to be
grassland. The second scene would ideally coincide with peak green-up of
vegetation in the area, which would most likely reveal crops as being pixels
having a higher near-infrared (NIR) peak than grasslands in their spectral
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response curve. Finally, the third scene would ideally be after the majority of
crops have been harvested but grassland remains, although farmers occasionally
hay grassland and CRP so caution must be used when using such a scene to
separate the land-cover types.
Landsat TM scenes between March 1 and December 1 from the years
1984 to 2011 that include most of Nelson County (WRS Path 31 / Row 27) were
downloaded from the U.S. Geological Survey (USGS) EarthExplorer website
(http://earthexplorer.usgs.gov). Scenes with excessive cloud cover and/or snow
cover were immediately omitted as candidates for the study. Scenes from dates
with less than approximately 200 accumulated GDD were also omitted because it
ensures a date after the spring thaw with little or no plant growth. Also, 200
accumulated GDD is roughly the cutoff for many cool-season grasses in North
Dakota to reach Haun growth stage 1.0 (i.e. 1 leaf produced on a mainstem)
(Frank et al. 1993). The reasons for the somewhat ambiguous cutoff date for the
start of natural plant growth are that there are varieties of natural plants in Nelson
County for which Haun growth stages and their corresponding GDD are
unknown. It is likely that many plants require more or less accumulated GDD to
reach certain growth stages when compared to other plants. Perhaps more
importantly is that because of Landsat’s flight schedule of repeat coverage every
16 days, it is not possible to perfectly match a scene to a particular accumulated
GDD, especially one that has minimal cloud cover. This limitation ultimately
determined which years and dates could be included in the study, but the point of
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using GDD was to identify the best-case scenario. Therefore, the dates and
corresponding imagery selected for the study (Table 6) reflect an attempt to find
three images from each study year that: 1) have very limited cloud cover and/or
snow cover; 2) have acceptable GDD that match up relatively well across years;
3) consist of years both before and after the CRP came to be up to the present;
and 4) are within one year of available aerial photography to be used for
reference and assessment of classification accuracy.
Table 6: Dates of Landsat TM imagery (Path 31/ Row 27) selected for land-cover
classification and their corresponding calculated growing degree-days (GDD).
Year

Spring

GDD

Summer

GDD

Fall

GDD

1984

21 Apr

192

26 Jul

2,587

28 Sep

4,432

1991

25 Apr

286

14 Jul

2,673

18 Oct

5,365

1998

28 Apr

444

01 Jul

2,198

21 Oct

5,610

2005

15 Apr

264

05 Aug

3,365

24 Oct

5,330

2011

02 May

203

21 Jul

2,497

07 Sep

5,514

Image Pre-Processing
Much of the pre-processing of the Landsat TM images obtained from
EarthExplorer was completed by USGS, including conversion to GeoTIFF format,
cubic convolution resampling, projection to UTM WGS 84, map image orientation
(North-up), radiometric correction, and geometric correction (USGS 2012). Using
ERDAS IMAGINE 2011 (Intergraph Corporation, Norcross, GA), the individual
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GeoTIFFs for each spectral band in a given scene (image date) were stacked to
produce single scenes with seven bands.

Subsetting
A small area in the northeast corner of Nelson County (less than 1 percent
of the geographic area of the county) is beyond the extent of the WRS Path
31/Row 27 TM scenes. Because such a small percentage of the county is not
covered by the scene, there were no attempts to mosaic neighboring scenes to
achieve full county-wide coverage. Additionally, mosaicking multi-date scenes
would likely result in continuity errors, therefore the missing area was excluded
from the study. Because the coverage on the edges of the scenes are not
identical, the scenes were all subset to an ERDAS Area of Interest (.aoi) file
outlining the extent of the scene with the least amount of coverage in the
northeast, which happened to be the 14 July 1991 scene. This was done so all
images would have the same dimensions and could be equally compared. The
.aoi file was created by subsetting the original GeoTiff of Band 1 from the 14 July
1991 scene to the extent of an .aoi of Nelson County. The resulting raster was
then reclassified in ESRI’s ArcGIS 10.0 using the Reclassify tool Spatial Analyst
so that all digital number (DN) values equal to 0 (background data on the edges
of the scene) equaled 1 and all the other values (1-255) equaled 2. The
reclassified raster was then converted to a shapefile and the polygons classified
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as 1 were deleted, leaving a polygon of just the area of Nelson County that was
covered by the scene. The shapefile was then converted to an .aoi file. The
resulting .aoi file covered approximately 99.5 percent of the area of Nelson
County.

Geometric Correction
Image-to-image registration was verified by selecting 10 clearly visible
road intersections as ground control points on the 21 April 1984 scene and then
visually inspecting them on each subsequent image for a spatial match.
Because no alignment problems were observed, no further geometric corrections
were performed.

Atmospheric Correction
Before Landsat TM scenes from multiple dates can be compared for
change, the digital numbers recorded by the sensor need to be converted to
ground percent reflectance, through the process of atmospheric correction. This
is to ensure that the observed changes are because of actual changes on the
ground and not the result of differing atmospheric conditions. Atmospheric
correction for this study was performed using ATCOR2 for ERDAS IMAGINE
2011 (Version 11.0). ATCOR2 consists of haze reduction and atmospheric
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correction algorithms for multi-spectral satellite sensors for areas of flat terrain.
For detailed information about the algorithms see the ATCOR manual
(Geosystems 2011). The user inputs required for the ATCOR2 algorithm to
perform haze reduction and atmospheric correction on TM scenes are: 1) a
stacked scene consisting of all seven bands; 2) a calibration file (.cal) consisting
of the offset and gain for all seven bands in mW/(cm2 sr μm) units; 3) the average
elevation for the scene in km above sea level (ASL); 4) the solar zenith angle for
the image; 5) scene visibility in km; 6) aerosol type; and 7) atmosphere type
(Table 7).
Table 7: User inputs entered into ATCOR for haze reduction and atmospheric
correction.
Scene Date

Elevation (km)

Solar Zenith

Scene Visibility
(km)

Model for Solar Region

04/21/1984

0.4572

41.4157901

24

fall_(spring)_rural

07/26/1984

0.4572

35.8686031

24

midlat_summer_rural

09/28/1984

0.4572

53.7051785

20

fall_(spring)_rural

04/25/1991

0.4572

40.9713608

10

fall_(spring)_rural

07/14/1991

0.4572

34.5333376

20

midlat_summer_rural

10/18/1991

0.4572

60.6956708

16

fall_(spring)_rural

04/28/1998

0.4572

38.2909635

20

fall_(spring)_rural

07/01/1998

0.4572

31.1764489

24

midlat_summer_rural

10/21/1998

0.4572

60.7359780

59

fall_(spring)_rural

04/15/2005

0.4572

41.5068086

39

fall_(spring)_rural

08/05/2005

0.4572

35.7965395

39

midlat_summer_rural

10/24/2005

0.4572

61.3264359

39

fall_(spring)_rural

05/02/2011

0.4572

35.9730729

39

fall_(spring)_rural

07/21/2011

0.4572

32.4841998

39

midlat_summer_rural

09/07/2011

0.4572

44.9514171

59

midlat_summer_rural
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Calibration (.cal) files were created by using the metadata provided with
each scene. The offset is equal to the minimum at-sensor radiance (Lmin) value
and comes directly from the metadata file. The gain is calculated using the
following formula with input from the metadata:

;

where Lmax is the maximum at-sensor radiance, Lmin is the minimum at-sensor
radiance, and DNmax is the maximum digital number/pixel value (255 for 8-bit TM
images). Both the offset and gain values were divided by 10 to convert from
W/(m2 sr μm) units to mW/(cm2 sr μm).
The average elevation for Nelson County was estimated from information
provided in the county soil survey at 0.4572 km ASL (Heidt et al. 1989). The
solar zenith was calculated by taking the sun elevation value from each scene’s
metadata and subtracting it from 90º. ATCOR2 estimated each scene’s visibility
by checking dark scene pixels in the red (vegetation, water) and NIR (water)
bands (Geosystems 2011). The rural aerosol type was selected for all scenes,
which is meant to represent atmospheric aerosol content in continental areas that
are not directly influenced by urban and/or industrial particle sources
(Geosystems 2011). ATCOR2 has different atmosphere type choices mostly
correlating to different moisture and seasonal conditions. These were selected
for each scene based on their acquisition dates. ATCOR2’s SPECTRA module
was then used to validate the selected .cal file, visibility, aerosol type, and
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atmosphere type. For more detailed information on ATCOR2’s SPECTRA
module see the ATCOR manual (Geosystems 2011).
Haze removal was performed on all scenes within ATCOR2 before
atmospheric correction and all of the recommended settings described in the
ATCOR manual (Geosystems 2011) were used. After haze removal,
atmospheric correction was performed on all scenes resulting in a seven-band
raster with pixel values representing percent ground reflectance scaled to a
factor of three. The scale factor used by ATCOR2 is meant to allow the percent
reflectance values better fit to an 8-bit display. Percent reflectance values would
therefore be the values created by ATCOR2 divided by three. The only problem
with choosing a scale factor of three is that the maximum digital number of 255 is
equal to 85 percent reflectance. A small number of pixels within some bands of
multiple scenes happened to show reflectance values greater than or equal to 85
percent. However, upon inspecting the statistics and histograms for those bands
it was determined that some of those pixels were likely the result of very small
unidentifiable anomalies (e.g. bad pixels from computer or sensor error),
because in most cases the number of pixels exhibiting these type of extreme
high values was trivial (i.e. less than 3 pixels per DN value leading up to the
saturation point of 255). Several images did include some small areas of
identifiable ice, snow, and/or small clouds that have the potential to create
slightly larger amounts of these types of high-value statistical outliers, but these
cover types were few and far between because imagery was initially selected for
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minimal clouds and snow/ice. Therefore, it was decided that a scale factor of
three was acceptable after determining the causes of some of the extremely high
pixel values and the unlikelihood of them too greatly influencing the descriptive
statistics required in the next steps of the methodology.

Data Reduction
The next image processing step was to reduce the dimensionality of each
scene by selecting the bands that would yield the most useful data. This was
done using the Optimum Index Factor (OIF), where a ratio of the variance to the
correlation of reflectance values from all possible combinations of bands (in this
case four bands were selected) is calculated using the following formula:

4

OIF 

s

k

k 1

4

 Abs(r )
j

j 1

where Sk is the standard deviation for band k, and rj is the absolute value of the
correlation coefficient between any two of the bands being assessed. Therefore,
a higher OIF value from a particular band combination typically reveals more
information by having more variance and less correlation between the bands
(Jensen 2005). The standard deviation values for each image were calculated in
IMAGINE and the correlation coefficients were calculated using the IMAGINE
Model Maker. The thermal infrared Band 6 was excluded from OIF calculations
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because its spatial resolution (120 m) is coarser than the other bands (30 m).
The four-band combinations with the highest OIF score from each scene were
then selected (Table 8).
Table 8: Bands selected from each Landsat TM scene using the Optimum Index
Factor (OIF) and their corresponding OIF value.
Scene Date Band Combination

OIF

04/21/1984

3,4,5,7

5.20

07/26/1984

2,4,5,7 11.83

09/28/1984

3,4,5,7

04/25/1991

1,4,5,7 10.00

07/14/1991

2,4,5,7

8.00

10/18/1991

1,4,5,7

6.99

04/28/1998

3,4,5,7

5.14

07/01/1998

1,4,5,7 12.11

10/21/1998

3,4,5,7

5.10

04/15/2005

3,4,5,7

5.34

08/05/2005

3,4,5,7

9.66

10/24/2005

3,4,5,7

6.25

05/02/2011

3,4,5,7

5.14

07/21/2011

1,4,5,7

9.71

09/07/2011

3,4,5,7

8.16

7.19

Normalized Difference Vegetation Index
Because the goal was to map different vegetation types (cropland versus
grassland) through observing phenological differences, NDVI values were
calculated for each image. NDVI is a commonly used measure of vegetation
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vigor and abundance that is based on the principle that chlorophyll absorbs red
light and exhibits strong reflectance of infrared radiation (Campbell 2007). NDVI
values calculated from a satellite image represent a ratio of the differences
between the red and infrared bands using the following equation:

where IR is the infrared band and R is the red band (Rouse 1973). Accordingly,
bands 3 (red, 0.63-0.69 μm) and 4 (near-infrared, 0.76-0.90 μm) are used to
calculate NDVI for Landsat TM imagery. Therefore high positive NDVI values
indicate abundant and healthy green vegetation and negative values indicate a
lack of healthy green vegetation. This is useful to this study because it is a
means to track the growth stages of different vegetation types over the course of
the growing season. After NDVI values were calculated from each scene they
were scaled to 8-bit rasters (NDVI * 255) and were stacked with the OIF selected
bands across all scenes from a single year, forming a stacked data set consisting
of 15 layers for each study year (Fig. 6).

Masking Non-CRP Lands
The final image processing step was to mask out known non-CRP areas
that might confuse spectrally with CRP. Areas masked out included school trust
land, national wildlife refuges, wildlife management areas, urban areas, railroad
corridors, and road rights-of-way. No trust land in Nelson County has ever been
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Figure 6: The contents of each 15-layer stack for each year.
enrolled in the CRP (Brand 2012). All of the other areas included in the mask are
clearly not part of the CRP because they are not farmland. The vector data
layers used to create the mask were obtained from the North Dakota GIS Hub
(http://www.nd.gov/gis/). The trust land, national wildlife refuges, and wildlife
management layers were used as is. The urban area and county-level road
layers required a small amount of editing. Some of the smaller “urban” areas
were left out of the layer from the GIS Hub and were thus digitized by visually
interpreting aerial photos. The county-level roads layer provided by the GIS Hub
did not always match roads on aerial photos. According to the metadata the
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layer was digitized according to hand-drawn maps, thus lacking a certain degree
of accuracy. To correct some of these inaccuracies the layer was updated
according to the roads seen on aerial photos. Both the old and new routes of
roads that were rerouted due to flooding, for example near Stump Lake, were
also added to the layer. The road and railroad layers were buffered by 100 ft
(30.5 m) to account for their right-of-way corridors. All of the layers were then
merged together and used as a mask on each 15-layer data set from each year.

Land-Cover Classification
Mapping Grassland and Cropland
Unsupervised classification was used to map areas of grassland and
cropland. Unsupervised classification, or clustering, is the identification of natural
groupings of spectral values of pixels within multispectral image data (ERDAS
2010). Some advantages of unsupervised classification, as opposed to
supervised classification, are: 1) minimal prior knowledge of the area to be
mapped is needed; 2) reduction of human error (bias); 3) and the recognition of
unique classes as distinct units that may otherwise remain unrecognized
(Campbell 2007). Conversely, unsupervised classification has some limitations
and disadvantages: 1) spectrally homogenous classes recognized are not always
of interest to the analyst; 2) there is limited control over the menu of classes and
their specific identities; 3) spectral properties of specific classes will change over
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time (i.e. classes from one image cannot be directly applied to another image)
(Campbell 2007).
The unsupervised classification technique applied to the 15-band data
sets from each year was the Iterative Self-Organizing Data Analysis Technique
(ISODATA). The ISODATA process starts by determining the arbitrary cluster
(i.e. class) means for a specified number of clusters and then calculates spectral
distances between each pixel from the arbitrary cluster means. Pixels are then
assigned to the cluster that has the closest mean. The algorithm repeats the
process for a specified number of iterations where the cluster means from the
previous iteration is used to define clusters in subsequent iterations. The
process repeats until either a convergence threshold, which is the maximum
percentage of unchanged pixels between iterations, or the maximum number of
iterations specified by the user is met (ERDAS 2010).
The number of spectral clusters used for the ISODATA classification on
each 15-layer image was 100. This number of clusters was chosen because
Egbert et al. (1998) determined that amount was successful in differentiating
grassland and cropland classes in Kansas. The convergence threshold was set
to 95% and to ensure it was met the number of iterations was set to 15. The
resulting rasters’ 100 classes were each recoded to a land-cover type from the
following categories: 1) other (water, wetland vegetation, trees, clouds, buildings
etc.; 2) grassland; 3) cropland; and 4) mixed (i.e. confused classes). National
High Altitude Aerial Photography (NHAP), National Aerial Photography Program
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(NAPP), mosaicked USGS Digital Orthophoto Quadrangles (DOQ), and National
Agriculture Imagery Program (NAIP) imagery were used as reference data to
determine land-cover classes.
It appeared that some of the clustering confusion was related to transition
zones between wetland vegetation and crops or grassland, which were spectrally
similar to grassland. Another type of confused class seemed to arise out of
areas of hummocky terrain where cropland and grassland classes would
incorrectly appear randomly throughout entire fields. A third source of confusion
was areas of bare soil. To remove as much of the confusion as possible, a
“cluster busting” technique was used to correct for the mixed classes. This was
done by using the recoded mixed category as a mask to extract areas from the
original 15-band spectral data for each year. The extracted pixels were then
classified using ISODATA, using a maximum of 15 iterations, with a 95%
convergence threshold, and 50 spectral clusters. In some instances the results
of cluster busting still left some confused classes and the process was repeated
with 25 clusters. The resulting clusters were classified accordingly, recoded, and
mosaicked with the original recoded rasters, resulting in a single raster coded to
grassland, cropland, and other categories.
Because terminal lake flooding and wetland expansion is such an
important aspect of this study, a map of open water for each year was created by
performing a density slice on one of the middle-infrared bands (TM Band 5) of
the atmospherically corrected Landsat TM dataset. Density slicing of TM Band 5
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has been proven to be successful as a relatively simple and accurate means to
delineate water bodies (Frazier and Page 2000; Sethre et al. 2005).
The spring scene from each year was used for density slicing based on
the assumptions that the water extent would be greatest from recent snowmelt
and that wetland vegetation coverage would be less making open water more
visible. The spring scenes were also generally cloud free, whereas some of the
summer scenes had some small areas of clouds, which could mask out water or
confuse the differentiation of water pixels with their shadows. An exception for
the 1991 dataset was made because the summer scene (14 July 1991) showed
a significantly greater water extent than the spring scene (25 April 1991), thus it
was used for producing the water layer for that year. To perform the density slice
histograms from Band 5 as well as known water pixel values were examined to
determine an upper threshold brightness value for water. All values less than or
equal to the threshold were then coded as water and all greater values were
coded as other, resulting in a binary dataset. The resulting water data sets were
then mosaicked with the grassland/cropland/other rasters resulting in datasets for
each year with grassland, cropland, other, and water categories. The non-CRP
mask was applied to each of these rasters to eliminate water pixels that occurred
within the previously masked out areas.
Accuracy assessment of the grassland/cropland/other/water maps was
performed by using stratified random point sampling followed by visual accuracy
assessment. Fifty sampling points per class were created using the IMAGINE
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accuracy assessment tool and were then evaluated by comparing the land-cover
interpreted from the aerial imagery reference data to the unsupervised
classification land-cover class. For maps of less than 404,686 ha (1 million
acres) and fewer than 12 classes, a minimum of 50 samples per class is
considered to be a general guideline (Congalton and Green 2009). Error
matrices were produced for each year and the following accuracy measurements
were calculated: overall accuracy, producer’s accuracy, user’s accuracy, and
kappa statistic.

Mapping CRP
To extract CRP tracts, post-classification comparison change detection
was performed on the crop/grass/other/water maps. This method compares
independent classifications of two scenes and generates an image that shows
the relationships between classes from the two scenes. Errors present in the
original classifications can be compounded through this process, therefore high
accuracy of the images being compared is important (Campbell 2007). Change
detection was performed comparing the 1984 image with the 1991 image,
followed by comparing the 1991 image with the 1998 image, and so on.
IMAGINE’s Matrix Union tool was used to perform the change detection. A
matrix showing from-to changes, or lack of changes, apparent between the two
images from each change detection analysis was then produced including the
areal extent of the change/no change.
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Accuracy assessments were performed on the change detection maps
using a binary (change/no change) scheme. This method is preferable to a
complete change detection accuracy assessment for all categories because it is
more practical in that it requires simpler sampling, fewer samples, and far fewer
categories to compare (Congalton and Green 2009). To accomplish the binary
accuracy assessment the change detection images were recoded to binary
images with change and no change categories only. The resulting images were
then used to generate stratified random samples for each category. To
determine the number of samples a look-up table was used that lists the number
of sample points required for a given minimum error and confidence level
(Ginevan 1979). A minimum map accuracy of 90% and a 95% confidence level
was chosen. Based on these criteria, the nearest α value to 0.05 on the look-up
table is 0.0458, which would require 298 samples and would be rejected if 21
were misclassified. Thus, 298 samples were taken from the binary change
detection images, with 75% of the samples (224) taken from the change class
and 25% (74) taken from the no-change class to increase the sampling of areas
of likely change (Congalton and Green 2009). The sampled points were then
assessed for having change or no change by visually interpreting the same aerial
photography used in the original classifications and accuracy assessments.
Error matrices were produced for each binary change/no change dataset and
accuracy measurements were calculated.
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Areas that changed from cropland to grassland from 1984 to 1991 were
assumed to be CRP because the program was enacted in 1985 (Egbert et al.
1998). In the years after 1991 areas that remained grassland and areas that
changed from cropland to grassland were assumed to be CRP. The assumed
CRP tracts were then recoded and mosaicked with the crop/grass/other/water
maps. Upon visual inspection of the CRP classification it was apparent that there
were small tracts that were classified as CRP but were unlikely to be so.
Therefore, all areas classified as CRP that were less than four TM pixels in size
(1.44 ha or 3.56 acres) were reclassified from CRP back to grassland. This was
done by converting the classified raster to a simplified vector polygon shapefile in
ArcGIS. Tracts classified as CRP were then exported and areas were calculated
for each CRP polygon. Areas greater than or equal to 1.44 ha (3.56 acres) were
then selected and exported as a new shapefile. This new shapefile was then
converted back to a IMAGINE raster file which was mosaicked back into the
grassland/cropland/other/water maps. The Matrix Union tool in IMAGINE was
used on the new CRP maps to produce a matrix showing from-to changes and
their areal extent.
The accuracy of the CRP mapping technique was assessed by comparing
the results from 2011 with data collected in the field in July 2011. Field data
collection consisted of first visually interpreting NAIP imagery to determine likely
CRP fields. These fields were then visited to validate the interpretation and were
accordingly mapped with GPS. Fields were considered to be CRP if they were
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thick grassland without fences and/or were marked at the corner with signs
designating them as being enrolled as Private Land Open to Sportsmen (PLOTS)
as part of a CRP cost-sharing program (Fig. 7). A total of 17 fields were visited
and verified to be CRP. These fields were then compared to the 2011 CRP
maps and the accuracy was assessed by determining the percentage of verified
fields that were correctly mapped as CRP.

Figure 7: Photo of a field in Nelson County, ND marked with a Private Land Open
to Sportsmen (PLOTS) sign designating it as being part of a CRP cost-sharing
program. The photo was taken 27 July 2011.

CRP Spatial Pattern Analysis
After maps of CRP areas were produced the next step was to check if
there were any significant patterns to their spatial distribution. This was done
using nearest neighbor analysis, which uses the distance between each point
and its closest neighboring point to determine if the pattern of the points is
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clustered, random, or dispersed (i.e. regular) (Clark and Evans 1954). Nearest
neighbor analysis is performed using the following:
;
where R is the ratio of the observed average distance between nearest
neighbors (dobs) to the expected average for a hypothetical random distribution
(dexp). When R is less than 1 the pattern is more clustered than random and
when it is greater than 1 the pattern is more dispersed than random (Chang
2008).
To perform nearest neighbor analysis on the CRP maps the polygon
shapefiles of CRP from each year created in the previous step was converted to
centroids. The centroids were then used as the point feature to perform nearest
neighbor analysis using the Average Nearest Neighbor tool in ArcGIS 10.0. The
study area value input was 2,597,611,500 meters and was calculated from the
boundary of the clipped 14 July 1991 Landsat TM scene. The Average Nearest
Neighbor tool calculates the R ratio as well as a Z-score and p-value, which
indicates the likelihood of the pattern being the result of random chance.

To help visualize clustering, when apparent, kernel density estimation was
used, which is an interpolation method that associates known points with a kernel
function (Chang 2008). A kernel function resembles a “bump” centered at a
known point and tapers off to 0 over a defined bandwidth or window area
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(Silverman 1986). The Kernel Density tool in ArcGIS 10.0 was used for this
process.
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CHAPTER IV
RESULTS AND DISCUSSION
This chapter is divided into three main sections. First, the results of the
accuracy assessment on the land cover, land-cover change, and CRP maps are
reported and possible sources of error are discussed. The second section
includes the land-use/land-cover classification and change detection maps and
tabular data derived from them and discusses the spatial and temporal patterns
present. The final section reports and discusses the results of the nearest
neighbor analysis on CRP field centroids and corresponding kernel density
maps.

Accuracy Assessment
Land-Cover Maps Accuracy
The overall accuracies of the land-cover maps derived from the original
unsupervised classification and density slicing was high for all study years
(greater than 90%) (Tables 9-13). An overall accuracy of 85% or greater is
commonly considered acceptable for thematic maps (Anderson et al. 1976). The
accuracy of the water class was at 100% for all years, suggesting that the density
slicing method was effective. All other classes were mapped with varying
degrees of acceptable accuracy.
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The main confusion resulting in lower accuracies and kappa scores during
the classification tended to be between “crop,” “grassland,” and “other”
categories (Tables 9-13). For example, in 1998 confusion between “grassland”
and ”other” is apparent in the error matrix (Table 11) and is likely the result of
wetland and grassland vegetation occurring in areas adjacent to one other; many
of the transitional zones between these two cover types could be areas of
confusion. Some of the confusion between “cropland” and “other” is probably
from a similar adjacency scenario between those land-cover types. The
confusion that occurred between “cropland” and “grassland” is probably
attributable to areas of bare soil, grasslands that were hayed and thus
resembling harvested fields, or transitional zones. Generally, the heterogeneous
landscape in Nelson County lends itself to some confusion when using 30 m
resolution TM data to create land-cover maps.
Congalton and Green (2009) identify four factors that affect error matrix
results: 1) errors in the reference data; 2) sensitivity of the classification scheme
to observer variability; 3) inappropriateness of the remote sensing data employed
for mapping a specific land-cover class; and 4) mapping error. Reference data
are often the source of confusion in error matrices because they themselves
contain errors.
Registration differences, data entry errors, classification scheme errors,
change over time between reference data and satellite data collection period,
and incorrect labeling are all sources of error in reference data (Congalton and
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Table 9: Classification accuracy by class for 1984
Error Matrix:

Classified
Data

Reference Data
Crop
Grass
Other
Water

Accuracy Totals:
Reference
Totals
Crop
51
Grass
48
Other
51
Water
50

Crop

Grass

Other

Water

48
2
1
0

1
47
0
0

1
1
49
0

0
0
0
50

Classified
Totals
50
50
50
50

Totals
200
200
Overall Classification Accuracy = 97.0%
Overall Kappa Statistics = 0.96

Number
Correct
48
47
49
50

Producer’s
Accuracy
94.1%
98.0%
96.1%
100.0%

User’s
Accuracy
96.0%
94.0%
98.0%
100.0%

Kappa
0.95
0.92
0.97
1.00

194

Table 10: Classification accuracy by class for 1991
Error Matrix:

Classified
Data

Reference Data
Crop
Grass
Other
Water

Accuracy Totals:
Reference
Totals
Crop
55
Grass
48
Other
47
Water
50

Crop

Grass

Other

Water

50
2
3
0

0
48
0
0

0
0
47
0

0
0
0
50

Classified
Totals
50
50
50
50

Totals
200
200
Overall Classification Accuracy = 97.5%
Overall Kappa Statistics = 0.97

Number
Correct
50
48
47
50
195
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Producer’s
Accuracy
90.9%
100.0%
100.0%
100.0%

User’s
Accuracy
100.0%
96.0%
94.0%
100.0%

Kappa
1.00
0.95
0.92
1.00

Table 11: Classification accuracy by class for 1998
Error Matrix:

Classified
Data

Reference Data
Crop
Grass
Other
Water

Accuracy Totals:
Reference
Totals
Crop
52
Grass
49
Other
49
Water
50

Crop

Grass

Other

Water

48
1
3
0

0
47
2
0

2
2
45
0

0
0
0
50

Classified
Totals
50
50
50
50

Totals
200
200
Overall Classification Accuracy = 95.0%
Overall Kappa Statistics = 0.93

Number
Correct
48
47
45
50

Producer’s
Accuracy
92.3%
95.9%
91.8%
100.0%

User’s
Accuracy
96.0%
94.0%
90.0%
100.0%

Kappa
0.95
0.92
0.87
1.00
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Table 12: Classification accuracy by class for 2005
Error Matrix:

Classified
Data

Reference Data
Crop
Grass
Other
Water

Accuracy Totals:
Reference
Totals
Crop
52
Grass
45
Other
53
Water
50

Crop

Grass

Other

Water

48
1
3
0

0
45
0
0

2
4
47
0

0
0
0
50

Classified
Totals
50
50
50
50

Totals
200
200
Overall Classification Accuracy = 95.0%
Overall Kappa Statistics = 0.93

Number
Correct
48
45
47
50
190
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Producer’s
Accuracy
92.3%
100.0%
88.7%
100.0%

User’s
Accuracy
96.0%
90.0%
94.0%
100.0%

Kappa
0.95
0.87
0.92
1.00

Table 13: Classification accuracy by class for 2011
Error Matrix:

Classified
Data

Reference Data
Crop
Grass
Other
Water

Accuracy Totals:
Reference
Totals
Crop
48
Grass
48
Other
54
Water
50

Crop

Grass

Other

Water

47
1
0
0

0
46
2
0

3
3
48
0

0
0
0
50

Classified
Totals
50
50
50
50

Totals
200
200
Overall Classification Accuracy = 95.5%
Overall Kappa Statistics = 0.94

Number
Correct
48
46
48
50

Producer’s
Accuracy
88.9%
95.8%
88.9%
100.0%

User’s
Accuracy
96.0%
92.0%
96.0%
100.0%

Kappa
0.92
0.89
0.95
1.00
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Green 1993). It is likely that several such errors are present in this study.
Registration differences are likely because the earlier aerial photographs
(NHAPP and NAPP) used as reference data for the 1984 and 1991 Landsat
image classifications were uncorrected images that were manually
georeferenced. Also, although the imagery used for the 1998, 2005, and 2011
classifications were georeferenced digital orthophoto mosaics (USGS DOQ and
NAIP) there is still a possibility of minor registration differences. Although data
were double-checked, there is always a possibility of data entry errors. Perhaps
the most likely cause of error in the reference data is the possibility of land-cover
change between the acquisition of the reference data and the satellite data. The
NHAP images used as reference for the 1984 map were acquired during 1983,
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the NAPP images used for the 1991 map were taken in 1990, the USGS DOQ
mosaic used for the 1998 map was derived from 1997 aerial photography, and
the NAIP image used for 2011 was acquired in 2010. All of these reference data
sets are within one year of the Landsat imagery, but it is possible that a major
change in land cover could have occurred over the course of a year (e.g.,
cropland to grassland). The NAIP image used as reference for the 2005 map
was from the same year but there is also the potential for seasonal land-cover
changes that could produce reference data errors. Mistakes in labeling reference
data are also likely, especially in the two earliest years where the spatial
resolution of the aerial photos were relatively low, making it sometimes difficult to
distinguish between land-cover types.
Errors related to observer variability are likely in this study because the
assignment of classes from the initial unsupervised classification was based on
visual interpretation where decisions had to be made as to which class a cluster
of pixels belonged. For example, in Nelson County there are a lot of “transitional
zones” between wetlands and grasslands, grasslands and trees, cropland and
grassland, etc., where there is a blending of the different classes of interest.
Classifying these types of transitional zones require the observer to decide how
to group them, which is likely to vary between observers because of their biases.
Because TM data have been used for land-cover classifications of this
nature before and because of the overall simplicity of the classification scheme
(i.e. general classes requiring relatively broad spatial resolution), it is unlikely that
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errors resulting from the inappropriateness of the remote sensing data employed
exist in this study.
Error as the result of general mapping errors is likely. One known
instance is the result of the road vector data used to create the mask. This
dataset was incomplete or wrong in many instances and attempts were made to
correct some of the major problems, but a total reworking of the data was not
done. It is therefore likely that some of the roads that were intended to be
masked were not masked and some areas that were not roads were masked.
The areas that were roads that were not masked would alter the classification
and likely show up as part of the “other” category and any road ditch might show
up as part of the “grassland” category.

Change Detection Accuracy
The overall accuracies for the change detection maps were all over the
90% minimum map accuracy chosen for the accuracy sampling process, with the
exception of the 2005-2011 change, which was slightly less at 89.9% (Tables 1417). Despite the 2005-2011 change detection failing to meet the 90%
requirement, we deemed the shortfall to be acceptably small (0.1%) and
therefore proceeded with extracting CRP tracts and tabulating statistics on landcover change.
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Table 14: No change/change accuracy, 1984 to 1991
Error Matrix:

Map
Data

Reference Data
No
Change
Change

No Change

Change

70

4

23

201

Accuracy Totals:
Reference
Totals
No Change
93
Change
205

Classified
Totals
74
224

Number
Correct
70
201

Totals
298
298
Overall Classification Accuracy = 90.9%
Overall Kappa Statistics = 0.78
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Producer’s
Accuracy
75.3%
98.1%

User’s
Accuracy
94.6%
89.7%

Kappa
0.92
0.67

Table 15: No change/change accuracy, 1991 to 1998
Error Matrix:

Map
Data

Reference Data
No
Change
Change

No Change

Change

72

2

17

207

Accuracy Totals:
Reference
Totals
No Change
89
Change
209

Classified
Totals
74
224

Number
Correct
72
207

Totals
298
298
Overall Classification Accuracy = 93.6%
Overall Kappa Statistics = 0.84

279

64

Producer’s
Accuracy
80.9%
99.0%

User’s
Accuracy
97.3%
92.4%

Kappa
0.96
0.75

Table 16: No change/change accuracy, 1998 to 2005
Error Matrix:
Reference Data
No Change

Change

73

1

21

203

Map
Data

No
Change
Change

Accuracy Totals:
Reference
Totals
No Change
94
Change
204

Classified
Totals
74
224

Number
Correct
73
203

Totals
298
298
Overall Classification Accuracy = 92.6%
Overall Kappa Statistics = 0.82

276

Producer’s
Accuracy
77.7%
99.5%

User’s
Accuracy
98.7%
90.6%

Kappa
0.98
0.70

Table 17: No change/change accuracy, 2005 to 2011
Error Matrix:

Map
Data

Reference Data
No
Change
Change

No Change

Change

74

0

30

194

Accuracy Totals:
Reference
Totals
No
104
Change
Change
193

Classified
Totals

Number
Correct

Producer’s
Accuracy

User’s
Accuracy

Kappa

74

74

71.2%

100.0%

1.00

224

194

100.0%

86.6%

0.62

Totals
298
298
Overall Classification Accuracy = 89.9%
Overall Kappa Statistics = 0.76

268
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CRP Accuracy
All of the 17 fields categorized as CRP during field work in July 2011 were
correctly mapped as CRP (100% accuracy) on the 2011 land-cover map (Fig. 8).
However, a number of pixels within each CRP field were not classified as CRP.
Because of the highly variable landscape in Nelson County, CRP grasslands
surround or are adjacent to areas of wetlands, water, grasslands, trees, etc., thus
each CRP field is not expected to be homogenous, which differs from the CRP
fields mapped in the Finney County, Kansas, study (Egbert et al. 1998).

Land-Use/Land-Cover Patterns
Land-Use/Land-Cover Totals
According to our analyses, county-wide, there was a steady decline in
cropland from 1984 to 2005, with the greatest decline between 1991 and 2005
(Fig. 9-13 and Table 18). This was followed by an increase in cropland in 2011,
a pattern that is consistent with USDA Census of Agriculture figures (Table 3).
Grassland declined at a slower rate during the entire period of the study. Areas
of water decreased between 1984 and 1991 but increased dramatically from
1991 to 2005 with a slower but still substantial increase between 2005 and 2011.
CRP showed an increase from 1991 to 2005 with a major jump between 1998
and 2005, followed by a decrease in 2011. The “other” class showed a decrease
between 1984 and 1991, with a large increase in 1998 and a slow decline
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Figure 8: 2011 Nelson County, ND land-cover map for 2011 with the fieldchecked CRP (July 2011) overlaid. The white areas are masked out urban
areas, roads, railroads, and state and federal lands.
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thereafter. In most cases the major changes to the “other” category are thought
to be related wetland vegetation contraction and expansion. Areas besides
wetlands in the “other” class appear to be mostly trees along the Sheyenne River
Valley in the southwestern portion of the county, trees around Stump Lake in the
west-central portion of the county, and miscellaneous trees associated with
farmsteads and shelterbelts. It should also be noted that the 1984 (1,693 ha,
4,183 acres), 1991 (1,545 ha, 3,818 acres), and 2011 (546 ha, 1,349 acres)
classifications had some small areas of clouds that were lumped into the “other”
category.
Table 18: Estimated land-cover classification totals by class in Nelson County for
the years 1984, 1991, 1998, 2005, and 2011. Percentages are a percent of the
total classified area excluding masked out areas, as opposed to being a percent
of the total county area and/or extent of the Landsat TM scene clipped to the
county area.
Landcover

1984
(ha)

1984
(%)

1991
(ha)

1991
(%)

1998
(ha)

1998
(%)

2005
(ha)

2005
(%)

2011
(ha)

2011
(%)

Crop

151,600

62.6

153,073

63.2

128,239

52.9

92,479

38.2

105,205

43.4

Grass

52,872

21.8

55,309

22.8

37,792

15.6

40,309

16.6

36,727

12.8

NA

NA

19,688

8.1

25,525

10.5

35,612

14.7

27,856

11.5

Water

14,383

5.9

6,547

2.7

18,760

7.7

42,673

17.6

45,804

18.9

Other

23,423

9.7

7,654

3.2

31,947

13.2

31,208

12.9

26,563

11.0

CRP

The pattern of CRP classification estimates is generally similar to USDA
FSA estimates, but total hectares are significantly less for each year (Table 19).
The consistent under-estimating of CRP when compared to the USDA FSA
statistics can be attributed to several things. First, areas classified as wetlands
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(part of the “other” category) or water in the transitional areas adjacent to or
surrounded by CRP grassland might be considered to be enrolled in CRP but do
not show up as CRP in the classification. Thus, some areas enrolled as CRP are
not necessarily grassland, which is thought to be the largest factor in the
underestimation in this study. Second, the small area in the northeast of the
county that is cutoff because of the extent of the TM scene will cause a small
amount of underestimation. Third, it is likely that the scale limits of TM data could
influence the accuracy of the land-cover delineation, and thus the land-cover
totals. In other words, TM pixels are 30m x 30m and many of these pixels are
actually mixed land-cover at a finer resolution but will ultimately be lumped into
one of the classification categories, therefore the end results will not be a totally
accurate representation of reality. Finally, with any remote sensing study there is
a chance that some areas are misclassified, although in this case classification
accuracies were quite high.
Table 19: Estimated CRP areas from TM classification and USDA FSA (2012b).
Year

Classification
Estimate (ha)

FSA Estimate
(ha)

1991

19,688

24,667

1998

25,525

42,692

2005

35,612

51,416

2011

27,856

48,344

The spike in CRP that occurred in the late 1990s and into the 2000s is
likely a response to a major policy change in the program that occurred in 1997,
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which added numerous environmental criteria, including many related to wetland
conservation, required for lands to be eligible for enrollment (Zinn 2000).
According to the new adopted policies eligible lands must have been planted in
at least two of the past five years and have met one or more of the following
criteria: 1) have an erosion index higher than 8; 2) be considered a cropped
wetland; 3) be devoted to a highly beneficial environmental practice, such as filter
strips, riparian buffers, shelter belts, or wetland protection areas; 4) be subject to
scour erosion; 5) be located in a national or state priority area for the CRP; or 6)
be cropland associated with or surrounding non-cropped wetlands. With the
expansion of water and wetlands in the county during this period many of these
new criteria would apply to much of Nelson County, therefore making a greater
portion of the county eligible for enrollment. This is also likely the reason
inconsistencies between the classification estimates and FSA estimates of CRP
totals increase during that time (Table 19), because wetlands were not
considered to be CRP under the classification scheme. In addition, the increase
in CRP during that period is in part because the nationwide maximum cap on
CRP enrollment reached its highest point at 15.9 million ha (39.2 million acres)
as established in the 2002 Farm Bill (Cowan 2010).
The decline in CRP from 2005 to 2011 can be attributed to several factors.
Nationwide, the 2008 Farm Bill reduced the maximum cap from the 15.9 million
ha (39.2 million acres) allotted in the 2002 Farm Bill to 12.9 million ha (32 million
acres) (Cowan 2010), therefore reducing the potential new signups in Nelson
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County. High commodity prices, high cash rents, food demands, and biofuel
demands have also been driving landowners’ decisions to convert their CRP
lands back to cropland (Wilson 2011). A survey conducted in 2009 across
several PPR counties in North Dakota found that the most influential factor on
farmers deciding to let their CRP contracts expire and returning them to crop
production was high market prices for crops (Atkinson et al. 2011). Additionally
landowners cited lack of knowledge of conservation programs to be an obstacle
for them.

Land-Use/Land-Cover Change (LUCC)
Overall, the county experienced no-change far more than it did change
(Fig. 13-16 and Table 20). Between 1984 and 1991 the largest amount of LUCC
was from cropland to CRP (8.1%), but grassland to cropland change was near
the same amount (7.7%) (Table 21). The conversion from cropland to CRP
marks the first years of CRP enrollment in the county, when the primary goal of
the program was to reduce topsoil erosion. The change from grassland to
cropland is probably a result of a decline in water and wetlands in the county,
thus allowing areas that were left as grassland previously because of proximity to
wetlands and water to be cropped. From 1991 to 1998 the most LUCC change
was from grassland to “other”, and the second largest type of change was
cropland to “other” (Table 22). This is likely because of the water and wetland
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expansion that occurred during this time. In this case much of the “other” is
wetland vegetation. Much of the change to CRP and change to “other” appear to
occur in areas adjacent to each other, especially in the east-central and northcentral portions of the county (Fig. 15). The greatest amount of overall change
occurred between 1998 and 2005 (35.2% of the total classified area). During this
same period, the amount of change to water (i.e. flooding) nearly doubled from
the previous period and the amount of change to CRP more than doubled (Table
20). Between 1998 and 2005 conversion of cropland to CRP was the most
common from-to LUCC category (7.1%) (Table 23). Cropland conversion to the
“other” class was the second most common type of LUCC during this period.
Once again the “other” areas associated with this change are thought to be
mostly wetland vegetation. Conversion of “other” to water (4.6%) and crop to
water (3.4%) were also relatively high. Change to CRP, change to water, and
change to other occur throughout the county and often adjacent to and near each
other, except in the southwestern portion of the county near the Sheyenne River
Valley (Fig. 16). Overall, conversion to cropland was the most common type of
LUCC between 2005 and 2011 (Fig. 17 and Table 20). The most common fromto change during this period was “other” to cropland (Table 24). Yet again the
“other” in this case is thought to be mostly wetland vegetation, suggesting that
landowners began farming some areas of former wetlands. It seems unlikely that
a natural reduction in wetland vegetation would have occurred during this time,
but perhaps not impossible. CRP to cropland conversion was the second most
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common type of LUCC during this time, coinciding with the reduction of CRP
enrollment during this time. Change to cropland occurred fairly uniformly
throughout the county from 2005 to 2011 (Fig. 17). Change to CRP during this
period was not very common and does not appear to be adhering to a pattern.
Some of the change to CRP is adjacent to wetland and/or water change, while
much of it was not. It should also be noted that in 2011 the Sheyenne River was
experiencing a flood and many of the trees that were part of “other” category
changed to water on the map.
Table 20: Estimated land-cover change-to totals in Nelson County, ND.
Percentages are out of the total classified area of the county.

Change to
Crop
Grass
CRP
Water
Other
No change

1984-1991
ha
%
30,209
22,893
19,688
1,070
4,425
163,983

12.5
9.4

1991-1998
ha
%
11,356
10,772

8.1 10,607
0.4 13,129
1.8 28,613
67.7 167,778
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4.7
4.4

1998-2005
ha
%
7,157
14,996

4.4 17,249
5.4 24,901
11.8 20,856
69.3 157,104

3.0
6.2

2005-2011
ha
%
24,307
10,831

10.0
4.5

7.1
2,190
10.3 16,075
8.6 16,532
64.8 172,191

0.9
6.6
6.8
71.1

Table 21: Estimated extent in hectares and percentages of from-to land-cover
changes in Nelson County, ND between 1984 and 1991. The crop-to-grass
change category is a result of taking areas less than four TM pixels in size (1.44
ha or 3.56 acres) originally classified as CRP and lumping them back with
grassland. Categories of no change are in bold and the three most common
change categories are outlined.
Change From (1984)

Change To (1991)

Hectares

%

Other

Other

3,229

1.3

Other

Grass

11,092

4.6

Other

Crop

8,429

3.5

Other
Grass
Grass

Water
Other
Grass

670
1,554
32,416

0.3
0.6
13.4

Grass

Crop

18,661

7.7

Grass
Crop
Crop
Crop
Crop

Water
Other
Grass
Crop
Water

241
1,952
6,937
122,863
160

0.1
0.8
2.9
50.7
0.1

Crop

CRP

19,688

8.1

Water
Water
Water
Water

Other
Grass
Crop
Water

920
4,865
3,120
5,475

0.4
2.0
1.3
2.3
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Table 22:Estimated extent in hectares and percentages of from-to land-cover
changes in Nelson County, ND between 1991 and 1998. The crop-to-grass
change category is a result of taking areas less than four TM pixels in size (1.44
ha or 3.56 acres) originally classified as CRP and lumping them back with
grassland. Categories of no change are in bold and the three most common
change categories are outlined.
Change From (1991)

Change To (1998)

Hectares

%

Other
Other
Other

Other
Grass
Crop

3,334
1,487
1,323

1.4
0.6
0.5

Other

Water

1,509

0.6

Grass

Other

13,535

5.6

Grass
Grass
Grass

Grass
Crop
Water

27,020
7,319
7,425

11.2
3.0
3.1

Crop

Other

13,100

5.4

Crop
Crop
Crop

Grass
Crop
Water

8,688
116,883
3,793

3.6
48.2
1.6

Crop

CRP

10,607

4.4

Water
Water
Water
Water
CRP
CRP
CRP
CRP
CRP

Other
Grass
Crop
Water
Other
Grass
Crop
Water
CRP

657
144
119
5,623
1,321
452
2,595
402
14,918

0.3
0.1
0.0
2.3
0.5
0.2
1.1
0.2
6.2
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Table 23: Estimated extent in hectares and percentages of from-to land-cover
changes in Nelson County, ND between 1998 and 2005. The crop-to-grass
change category is a result of taking areas less than four TM pixels in size (1.44
ha or 3.56 acres) originally classified as CRP and lumping them back with
grassland. Categories of no change are in bold and the three most common
change categories are outlined.
Change From (1998)

Change To (2005)

Hectares

%

Other
Other
Other

Other
Grass
Crop

10,352
8,279
2,147

4.3
3.4
0.9

Other

Water

11,170

4.6

Grass
Grass
Grass
Grass

Other
Grass
Crop
Water

6,007
25,312
2,611
3,861

2.5
10.4
1.1
1.6

Crop

Other

11,551

4.8

Crop
Crop
Crop

Grass
Crop
Water

5,796
85,322
8,322

2.4
35.2
3.4

Crop

CRP

17,249

7.1

Water
Water
Water
Water
CRP
CRP
CRP
CRP
CRP

Other
Grass
Crop
Water
Other
Grass
Crop
Water
CRP

824
119
61
17,755
2,474
802
2,337
1,548
18,363

0.3
0.0
0.0
7.3
1.0
0.3
1.0
0.6
7.6
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Table 24: Estimated extent in hectares and percentages of from-to land-cover
changes in Nelson County, ND between 2005 and 2011. The crop-to-grass
change category is a result of taking areas less than four TM pixels in size (1.44
ha or 3.56 acres) originally classified as CRP and lumping them back with
grassland. Categories of no change are in bold and the three most common
change categories are outlined.
Change From (2005)

Change To (2011)

Hectares

%

Other
Other

Other
Grass

10,031
5,829

4.1
2.4

Other

Crop

7,862

3.2

Other
Grass
Grass
Grass
Grass
Crop
Crop
Crop
Crop

Water
Other
Grass
Crop
Water
Other
Grass
Crop
Water

7,476
4,342
25,896
5,970
4,066
3,271
2,859
80,898
3,159

3.1
1.8
10.7
2.5
1.7
1.4
1.2
33.4
1.3

Crop

CRP

2,190

0.9

Water

Other

7,361

3.0

Water
Water
Water
CRP
CRP

Grass
Crop
Water
Other
Grass

1,124
4,485
29,699
1,558
1,020

0.5
1.9
12.3
0.6
0.4

CRP

Crop

5,990

2.5

CRP
CRP

Water
CRP

1,374
25,666

0.6
10.6

77

Figure 9: Land-cover map for Nelson County, ND, 1984. The white areas are
masked out urban areas, roads, railroads, and state and federal lands.
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Figure 10: Land-cover map for Nelson County, ND, 1991. The white areas are
masked out urban areas, roads, railroads, and state and federal lands.
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Figure 11: Land-cover map for Nelson County, ND, 1998. The white areas are
masked out urban areas, roads, railroads, and state and federal lands.
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Figure 12: Land-cover map for Nelson County, ND, 2005. The white areas are
masked out urban areas, roads, railroads, and state and federal lands.
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Figure 13: Land-cover map for Nelson County, ND, 2011. The white areas are
masked out urban areas, roads, railroads, and state and federal lands.
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Figure 14: Land-cover change in Nelson County, ND, 1984 to 1991. The white
areas are masked out urban areas, roads, railroads, and state and federal lands.
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Figure 15: Land-cover change in Nelson County, ND, 1991 to 1998. The white
areas are masked out urban areas, roads, railroads, and state and federal lands.
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Figure 16: Land-cover change in Nelson County, ND, 1998 to 2005. The white
areas are masked out urban areas, roads, railroads, and state and federal lands.
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Figure 17: Land-cover change in Nelson County, ND, 2005 to 2011. The white
areas are masked out urban areas, roads, railroads, and state and federal lands.
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CRP Spatial Patterns
The average nearest neighbor analysis of CRP field centroids returned
statistically significant patterns at a 95% confidence level (p < 0.05) for the years
1991, 1998, and 2011, with the patterns all clustered (R < 1). In 2005 the pattern
was random and did not show significant clustering (p > 0.05) (Table 25).
Table 25: Summary of the average nearest neighbor analysis of CRP field
centroids in Nelson County, ND. Significant values at a 95 percent confidence
level are in bold.
Year

dobs

dexp

R

Z-score

p

1991
1998
2005
2011

613.94
476.70
518.29
525.28

680.34
491.16
526.13
566.72

0.90
0.97
0.99
0.93

-6.99
-2.92
-1.38
-6.29

<0.0001
0.0035
0.1674
<0.0001

The 1991 kernel density map shows most of the clustering of CRP field
centroids in the southwestern part of the county around the Sheyenne River
Valley (Figs. 4 and 18). Some clustering is also apparent in the east-central
portion of the county near the Goose River drainage and in the northwest-central
near the McHugh Slough. The 1998 map shows an increase in clustering in the
east-central portion of the county extending in a swath up towards McHugh
Slough in the northwest-central part of the county (Fig. 19). Distinguishable
patterns disappear in the 2005 map (Fig. 20), which is consistent with the
average nearest neighbor analysis (Table 25). Finally, in 2011 the pattern
retreats back to one similar to the pattern in 1998 (Fig. 21).
The clustering of CRP in 1991 around the Sheyenne River Valley and the
Goose River is likely attributable to those lands being considered to be of greater
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conservation importance according to earlier adaptations of the programs
eligibility requirements, mainly in terms of erosion reduction and water quality
enhancements. The pattern that starts to emerge in 1998 is likely related to the
wetland expansion across the county and the USDA FSA’s new policies
regarding CRP eligibility and wetlands. The trend continued with the explosion
of wetland expansion in the early 2000’s. By 2005 wetlands expand and spread
out uniformly across the county, except in the southwestern portion of the county
near the Sheyenne River Valley. Because of the uniform wetlands and previous
enrollment in and around the Sheyenne River Valley a discernible pattern of CRP
ceases to exist. As farmers began to bring their CRP fields back into production
in 2011 the pattern of CRP retreats back to somewhat resemble its former self.
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Figure 18: Kernel density map of CRP field centroids in Nelson County, ND, in
1991. A higher value indicates a greater abundance of centroids in the area.
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Figure 19: Kernel density map of CRP field centroids in Nelson County, ND, in
1998. A higher value indicates a greater abundance of centroids in the area.
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Figure 20: Kernel density map of CRP field centroids in Nelson County, ND, in
2005. A higher value indicates a greater abundance of centroids in the area.
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Figure 21: Kernel density map of CRP field centroids in Nelson County, ND, in
2011. A higher value indicates a greater abundance of centroids in the area.
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CHAPTER V
CONCLUSIONS
The goal of this study was to determine and analyze the spatial and
temporal patterns of CRP enrollment in Nelson County, North Dakota, to
determine the factors driving these patterns. It was hypothesized that enrollment
patterns in Nelson County would be closely related to an increase in regional
flooding throughout the 1990s and 2000s. To accomplish this goal and to test
this hypothesis, county maps of land-cover for the years 1984, 1991, 1998, 2005,
and 2011 were derived from Landsat TM data and were then used to create
from-to land-cover change maps from which CRP grasslands were extracted.
The resulting land-cover data and maps were then analyzed for patterns.
The accuracy assessment results indicate that the multi-temporal
classification and change detection techniques used to create the maps were
successful and could likely be used in a variety of studies, especially those
concerned with historical LUCC and CRP at a county-level scale. The maps
were useful in helping to achieve the research goals of this study and potentially
map actual CRP grassland land-cover more accurately than maps maintained by
the USDA FSA. However, the method underestimates the quantity of overall
CRP because it only maps CRP grasslands and does not distinguish areas that
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were previously cropped that since changed to wetland or water and were
enrolled as CRP.
Overall, water increased alongside CRP in the county except in 2011
which can be attributed to revised Farm Bill policies and pressure to increase
crop production in more recent years. Change to CRP, water, and other (much
of which is wetland vegetation) were the most common types of LUCC from 1991
to 2005 suggesting a possible relationship between these types of change. A
decline in change to CRP from 2005 to 2011 and an increase in conversion to
crop can once again be attributed to government policies and pressures to
increase crop production.
Spatial analysis revealed a clustering of CRP in 1991 in the Sheyenne and
Goose river valleys, likely attributable to those lands being considered of greater
conservation importance at a time when that was the main focus of the program.
By 1998, a more diffuse pattern starts to emerge that is likely related to the
wetland expansion across the county and updated federal policies regarding
CRP eligibility and wetlands. The trend of diffuse distribution continued with the
explosion of wetland expansion in the early 2000s, suggesting a relationship
between CRP spatial patterns and wetland expansion. Visual analysis of the
land-cover change maps also reveals a tendency between 1991 and 2005 for
change to CRP to occur in areas adjacent to areas changing to water and to
other, except in the southwestern portion of the county near the Sheyenne River
Valley.
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Based on the results of the study it is likely that CRP enrollment patterns
in Nelson County have been greatly influenced by the closed basin flooding and
wetland expansion that has occurred in the region since the early 1990s. Also of
great importance to the spatial and temporal patterns of CRP enrollment have
been changing federal policies, as well as financial and societal pressures.
A study such as this reaffirms the notion that LUCC is a process driven by
natural-human interactions. In this case much of the LUCC in Nelson County is
the result of the natural influences of climate variability resulting in an extended
wet cycle characterized by wetland expansion and basin flooding. Because of
potential financial loss, this flooding drove the inhabitants of the area to consider
alternative land-use options, such as CRP enrollment. Government policy
steered the direction of land-use decisions because it offered financial assistance
to offset losses from removing land from crop production. Eventually, with
changing government policy, reduced risk of farming in the flooded county, and
higher commodity prices, landowners started to return their CRP back to
cropland.

Future Work
Because of time constraints, certain potential drivers of CRP enrollment
noted by an agent from the Nelson County FSA were not examined. These were
field access and soil salinity. Future studies could examine these factors to
determine if spatial correlations exist between them and CRP enrollment. In
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addition, this study could be improved in the future by attempting more spatial
statistical analyses to further test for correlations to other social and/or
environmental factors potentially influencing LUCC. It would also be beneficial
to collaborate with the USDA FSA to obtain spatial CRP data or to at least further
verify the accuracy of the CRP maps and potentially adjust some of the
classification parameters from there. This would be especially useful for the
historical maps for which no CRP reference data were available. Additionally,
the inclusion of more land-cover classes (e.g. more specific vegetation types)
could help to better understand the patterns of LUCC in the county. It would also
be good to survey landowners in the county to learn what environmental and
social factors are perceived as being important in making land-use decisions.
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FIGURE 9: LAND-COVER FOR NELSON COUNTY, ND, 1984
RASTER DATASET
Summary
Data are intended to provide land-use/land-cover information for Nelson County, North Dakota for
informational and for research purposes. Data were originally created as part of an effort to map
Conservation Reserve Program (CRP) lands in the county to study their spatial patterns over
time.
Description
Multi-temporal classification techniques (three scenes throughout the growing season) were used
to derive land-cover maps for 1984 in Nelson County, North Dakota from Landsat Thematic
Mapper (TM) data. Original TM data were obtained from the USGS EarthExplorer website
(https://earthexplorer.usgs.gov/).
-WRS Path: 31; Row: 27
-Scene dates: 04-21-1984; 07-26-1984; 09-28-1984
-Estimated overall classification accuracy: 97.0%
For more information regarding the accuracy of these data and the manner in which they were
created see:
Roehrdanz, N.L. 2012. Mapping and Analyzing Conservation Reserve Program (CRP) Enrollment
Patterns from 1991 to 2011 in Nelson County, North Dakota, Using Remote Sensing and GIS
Techniques. MS thesis, The University of North Dakota.
Credits
Nicholas L. Roehrdanz, University of North Dakota, Department of Geography
Extent
West -98.529375 East -97.870650
North 48.198148 South 47.667883

Scale Range
Maximum (zoomed in) 1:50,000
Minimum (zoomed out) 1:500,000
Resource Details
DATASET LANGUAGES

* English (UNITED STATES)

SPATIAL REPRESENTATION TYPE

* grid
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* PROCESSING ENVIRONMENT Microsoft Windows 7 Version 6.1 (Build 7601) Service Pack 1; Esri
ArcGIS 10.1.0.3035
Spatial Reference
ARCGIS COORDINATE SYSTEM
* TYPE Projected
* GEOGRAPHIC COORDINATE REFERENCE GCS_WGS_1984
* PROJECTION WGS_1984_UTM_Zone_14N
* COORDINATE REFERENCE DETAILS
PROJECTED COORDINATE SYSTEM
W ELL-KNOWN IDENTIFIER 32614
X ORIGIN -5120900
Y ORIGIN -9998100
XY SCALE 450445547.3910538
Z ORIGIN -100000
Z SCALE 10000
M ORIGIN -100000
M SCALE 10000
XY TOLERANCE 0.001
Z TOLERANCE 0.001
M TOLERANCE 0.001
HIGH PRECISION true
LATESTWKID 32614
W ELL-KNOWN TEXT
PROJCS["WGS_1984_UTM_Zone_14N",GEOGCS["GCS_WGS_1984",DATUM["D_WGS_1984"
,SPHEROID["WGS_1984",6378137.0,298.257223563]],PRIMEM["Greenwich",0.0],UNIT["Degree
",0.0174532925199433]],PROJECTION["Transverse_Mercator"],PARAMETER["false_easting",50
0000.0],PARAMETER["false_northing",0.0],PARAMETER["central_meridian",99.0],PARAMETER["scale_factor",0.9996],PARAMETER["latitude_of_origin",0.0],UNIT["Meter",1.
0],AUTHORITY["EPSG",32614]]
REFERENCE SYSTEM IDENTIFIER
* VALUE 32614
* CODESPACE EPSG
* VERSION 7.9.4
Spatial Data Properties
GEORECTIFIED GRID
* NUMBER OF DIMENSIONS 2
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE column (x-axis)
* DIMENSION SIZE 1620
* RESOLUTION 30.000000 Meter
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE row (y-axis)
* DIMENSION SIZE 1949
* RESOLUTION 30.000000 Meter
* CELL GEOMETRY

area

100

* POINT IN PIXEL

center

* TRANSFORMATION PARAMETERS ARE AVAILABLE
* CHECK POINTS ARE AVAILABLE

Yes

No

CORNER POINTS
* POINT 535328.164231 5279963.235404
* POINT 535328.164231 5338433.235404
* POINT 583958.164231 5338433.235404
* POINT 583958.164231 5279963.235404
* CENTER POINT

559643.164231 5309198.235404

ARCGIS RASTER PROPERTIES
GENERAL INFORMATION
* PIXEL DEPTH 8
* COMPRESSION TYPE RLE
* NUMBER OF BANDS 1
* RASTER FORMAT IMAGINE Image
* SOURCE TYPE discrete
* PIXEL TYPE unsigned integer
* NO DATA VALUE 0
* HAS COLORMAP Yes
* HAS PYRAMIDS Yes
Spatial Data Content
IMAGE DESCRIPTION
* TYPE OF INFORMATION

thematic classification

BAND INFORMATION
* DESCRIPTION Layer_1
* MAXIMUM VALUE 4.000000
* MINIMUM VALUE 1.000000
* NUMBER OF BITS PER VALUE 8
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FIGURE 10: LAND-COVER FOR NELSON COUNTY, ND, 1991
RASTER DATASET
Summary
Data are intended to provide land-use/land-cover information for Nelson County, North Dakota for
informational and for research purposes. Data were originally created as part of an effort to map
Conservation Reserve Program (CRP) lands in the county to study their spatial patterns over
time.
Description
Multi-temporal classification techniques (three scenes throughout the growing season) were used
to derive land-cover maps for 1991 in Nelson County, North Dakota from Landsat Thematic
Mapper (TM) data. Original TM data were obtained from the USGS EarthExplorer website
(https://earthexplorer.usgs.gov/).
-WRS Path: 31; Row: 27
-Scene dates: 04-25-1991; 07-14-1991; 10-18-1991
-Estimated overall classification accuracy: 97.5%
For more information regarding the accuracy of these data and the manner in which they were
created see:
Roehrdanz, N.L. 2012. Mapping and Analyzing Conservation Reserve Program (CRP) Enrollment
Patterns from 1991 to 2011 in Nelson County, North Dakota, Using Remote Sensing and GIS
Techniques. MS thesis, The University of North Dakota
Credits
Nicholas L. Roehrdanz, University of North Dakota, Department of Geography
Extent
West -98.529378 East -97.870650
North 48.198148 South 47.667613

Scale Range
Maximum (zoomed in) 1:50,000
Minimum (zoomed out) 1:500,000
Resource Details
DATASET LANGUAGES

* English (UNITED STATES)

SPATIAL REPRESENTATION TYPE

* grid
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* PROCESSING ENVIRONMENT Microsoft Windows 7 Version 6.1 (Build 7601) Service Pack 1; Esri
ArcGIS 10.1.0.3035
Spatial Reference
ARCGIS COORDINATE SYSTEM
* TYPE Projected
* GEOGRAPHIC COORDINATE REFERENCE GCS_WGS_1984
* PROJECTION WGS_1984_UTM_Zone_14N
* COORDINATE REFERENCE DETAILS
PROJECTED COORDINATE SYSTEM
W ELL-KNOWN IDENTIFIER 32614
X ORIGIN -5120900
Y ORIGIN -9998100
XY SCALE 450445547.3910538
Z ORIGIN -100000
Z SCALE 10000
M ORIGIN -100000
M SCALE 10000
XY TOLERANCE 0.001
Z TOLERANCE 0.001
M TOLERANCE 0.001
HIGH PRECISION true
LATESTWKID 32614
W ELL-KNOWN TEXT
PROJCS["WGS_1984_UTM_Zone_14N",GEOGCS["GCS_WGS_1984",DATUM["D_WGS_1984"
,SPHEROID["WGS_1984",6378137.0,298.257223563]],PRIMEM["Greenwich",0.0],UNIT["Degree
",0.0174532925199433]],PROJECTION["Transverse_Mercator"],PARAMETER["false_easting",50
0000.0],PARAMETER["false_northing",0.0],PARAMETER["central_meridian",99.0],PARAMETER["scale_factor",0.9996],PARAMETER["latitude_of_origin",0.0],UNIT["Meter",1.
0],AUTHORITY["EPSG",32614]]
REFERENCE SYSTEM IDENTIFIER
* VALUE 32614
* CODESPACE EPSG
* VERSION 7.9.4
Spatial Data Properties
GEORECTIFIED GRID
* NUMBER OF DIMENSIONS 2
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE column (x-axis)
* DIMENSION SIZE 1620
* RESOLUTION 30.000000 Meter
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE row (y-axis)
* DIMENSION SIZE 1949
* RESOLUTION 30.000000 Meter
* CELL GEOMETRY

area
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* POINT IN PIXEL

center

* TRANSFORMATION PARAMETERS ARE AVAILABLE
* CHECK POINTS ARE AVAILABLE

Yes

No

CORNER POINTS
* POINT 535328.164231 5279963.235404
* POINT 535328.164231 5338433.235404
* POINT 583958.164231 5338433.235404
* POINT 583958.164231 5279963.235404
* CENTER POINT

559643.164231 5309198.235404

ARCGIS RASTER PROPERTIES
GENERAL INFORMATION
* PIXEL DEPTH 8
* COMPRESSION TYPE RLE
* NUMBER OF BANDS 1
* RASTER FORMAT IMAGINE Image
* SOURCE TYPE discrete
* PIXEL TYPE unsigned integer
* NO DATA VALUE 0
* HAS COLORMAP Yes
* HAS PYRAMIDS Yes
Spatial Data Content
IMAGE DESCRIPTION
* TYPE OF INFORMATION

thematic classification

BAND INFORMATION
* DESCRIPTION Layer_1
* MAXIMUM VALUE 5.000000
* MINIMUM VALUE 1.000000
* NUMBER OF BITS PER VALUE 8
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FIGURE 11: LAND-COVER FOR NELSON COUNTY, ND, 1998
RASTER DATASET
Summary
Data are intended to provide land-use/land-cover information for Nelson County, North Dakota for
informational and for research purposes. Data were originally created as part of an effort to map
Conservation Reserve Program (CRP) lands in the county to study their spatial patterns over
time.
Description
Multi-temporal classification techniques (three scenes throughout the growing season) were used
to derive land-cover maps for 1998 in Nelson County, North Dakota from Landsat Thematic
Mapper (TM) data. Original TM data were obtained from the USGS EarthExplorer website
(https://earthexplorer.usgs.gov/).
-WRS Path: 31; Row: 27
-Scene dates: 04-28-1998; 07-01-1998; 10-21-1998
-Estimated overall classification accuracy: 95.0%
For more information regarding the accuracy of these data and the manner in which they were
created see:
Roehrdanz, N.L. 2012. Mapping and Analyzing Conservation Reserve Program (CRP) Enrollment
Patterns from 1991 to 2011 in Nelson County, North Dakota, Using Remote Sensing and GIS
Techniques. MS thesis, The University of North Dakota
Credits
Nicholas L. Roehrdanz, University of North Dakota, Department of Geography
Extent
West -98.529378 East -97.8700650
North 48.198148 South 47.667613

Scale Range
Maximum (zoomed in) 1:50,000
Minimum (zoomed out) 1:500,000
Resource Details
DATASET LANGUAGES

* English (UNITED STATES)

SPATIAL REPRESENTATION TYPE

* grid
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* PROCESSING ENVIRONMENT Microsoft Windows 7 Version 6.1 (Build 7601) Service Pack 1; Esri
ArcGIS 10.1.0.3035
Spatial Reference
ARCGIS COORDINATE SYSTEM
* TYPE Projected
* GEOGRAPHIC COORDINATE REFERENCE GCS_WGS_1984
* PROJECTION WGS_1984_UTM_Zone_14N
* COORDINATE REFERENCE DETAILS
PROJECTED COORDINATE SYSTEM
W ELL-KNOWN IDENTIFIER 32614
X ORIGIN -5120900
Y ORIGIN -9998100
XY SCALE 450445547.3910538
Z ORIGIN -100000
Z SCALE 10000
M ORIGIN -100000
M SCALE 10000
XY TOLERANCE 0.001
Z TOLERANCE 0.001
M TOLERANCE 0.001
HIGH PRECISION true
LATESTWKID 32614
W ELL-KNOWN TEXT
PROJCS["WGS_1984_UTM_Zone_14N",GEOGCS["GCS_WGS_1984",DATUM["D_WGS_1984"
,SPHEROID["WGS_1984",6378137.0,298.257223563]],PRIMEM["Greenwich",0.0],UNIT["Degree
",0.0174532925199433]],PROJECTION["Transverse_Mercator"],PARAMETER["false_easting",50
0000.0],PARAMETER["false_northing",0.0],PARAMETER["central_meridian",99.0],PARAMETER["scale_factor",0.9996],PARAMETER["latitude_of_origin",0.0],UNIT["Meter",1.
0],AUTHORITY["EPSG",32614]]
REFERENCE SYSTEM IDENTIFIER
* VALUE 32614
* CODESPACE EPSG
* VERSION 7.9.4
Spatial Data Properties
GEORECTIFIED GRID
* NUMBER OF DIMENSIONS 2
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE column (x-axis)
* DIMENSION SIZE 1620
* RESOLUTION 30.000000 Meter
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE row (y-axis)
* DIMENSION SIZE 1949
* RESOLUTION 30.000000 Meter
* CELL GEOMETRY

area
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* POINT IN PIXEL

center

* TRANSFORMATION PARAMETERS ARE AVAILABLE
* CHECK POINTS ARE AVAILABLE

Yes

No

CORNER POINTS
* POINT 535328.164231 5279963.235404
* POINT 535328.164231 5338433.235404
* POINT 583958.164231 5338433.235404
* POINT 583958.164231 5279963.235404
* CENTER POINT

559643.164231 5309198.235404

ARCGIS RASTER PROPERTIES
GENERAL INFORMATION
* PIXEL DEPTH 8
* COMPRESSION TYPE RLE
* NUMBER OF BANDS 1
* RASTER FORMAT IMAGINE Image
* SOURCE TYPE discrete
* PIXEL TYPE unsigned integer
* NO DATA VALUE 0
* HAS COLORMAP Yes
* HAS PYRAMIDS Yes
Spatial Data Content
IMAGE DESCRIPTION
* TYPE OF INFORMATION

thematic classification

BAND INFORMATION
* DESCRIPTION Layer_1
* MAXIMUM VALUE 5.000000
* MINIMUM VALUE 1.000000
* NUMBER OF BITS PER VALUE 8
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FIGURE 12: LAND-COVER FOR NELSON COUNTY, ND, 2005
RASTER DATASET
Summary
Data are intended to provide land-use/land-cover information for Nelson County, North Dakota for
informational and for research purposes. Data were originally created as part of an effort to map
Conservation Reserve Program (CRP) lands in the county to study their spatial patterns over
time.
Description
Multi-temporal classification techniques (three scenes throughout the growing season) were used
to derive land-cover maps for 2005 in Nelson County, North Dakota from Landsat Thematic
Mapper (TM) data. Original TM data were obtained from the USGS EarthExplorer website
(https://earthexplorer.usgs.gov/).
-WRS Path: 31; Row: 27
-Scene dates: 04-15-2005; 08-05-2005; 10-24-2005
-Estimated overall classification accuracy: 95.0%
For more information regarding the accuracy of these data and the manner in which they were
created see:
Roehrdanz, N.L. 2012. Mapping and Analyzing Conservation Reserve Program (CRP) Enrollment
Patterns from 1991 to 2011 in Nelson County, North Dakota, Using Remote Sensing and GIS
Techniques. MS thesis, The University of North Dakota
Credits
Nicholas L. Roehrdanz, University of North Dakota, Department of Geography
Extent
West -98.529378 East -97.870650
North 48.198148 South 47.667613
Scale Range
Maximum (zoomed in) 1:50,000
Minimum (zoomed out) 1:500,000
Resource Details
DATASET LANGUAGES

* English (UNITED STATES)

SPATIAL REPRESENTATION TYPE

* grid

* PROCESSING ENVIRONMENT Microsoft Windows 7 Version 6.1 (Build 7601) Service Pack 1; Esri
ArcGIS 10.1.0.3035
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Spatial Reference
ARCGIS COORDINATE SYSTEM
* TYPE Projected
* GEOGRAPHIC COORDINATE REFERENCE GCS_WGS_1984
* PROJECTION WGS_1984_UTM_Zone_14N
* COORDINATE REFERENCE DETAILS
PROJECTED COORDINATE SYSTEM
W ELL-KNOWN IDENTIFIER 32614
X ORIGIN -5120900
Y ORIGIN -9998100
XY SCALE 450445547.3910538
Z ORIGIN -100000
Z SCALE 10000
M ORIGIN -100000
M SCALE 10000
XY TOLERANCE 0.001
Z TOLERANCE 0.001
M TOLERANCE 0.001
HIGH PRECISION true
LATESTWKID 32614
W ELL-KNOWN TEXT
PROJCS["WGS_1984_UTM_Zone_14N",GEOGCS["GCS_WGS_1984",DATUM["D_WGS_1984"
,SPHEROID["WGS_1984",6378137.0,298.257223563]],PRIMEM["Greenwich",0.0],UNIT["Degree
",0.0174532925199433]],PROJECTION["Transverse_Mercator"],PARAMETER["false_easting",50
0000.0],PARAMETER["false_northing",0.0],PARAMETER["central_meridian",99.0],PARAMETER["scale_factor",0.9996],PARAMETER["latitude_of_origin",0.0],UNIT["Meter",1.
0],AUTHORITY["EPSG",32614]]
REFERENCE SYSTEM IDENTIFIER
* VALUE 32614
* CODESPACE EPSG
* VERSION 7.9.4
Spatial Data Properties
GEORECTIFIED GRID
* NUMBER OF DIMENSIONS 2
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE column (x-axis)
* DIMENSION SIZE 1620
* RESOLUTION 30.000000 Meter
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE row (y-axis)
* DIMENSION SIZE 1949
* RESOLUTION 30.000000 Meter
* CELL GEOMETRY area
* POINT IN PIXEL center
* TRANSFORMATION PARAMETERS ARE AVAILABLE

Yes
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* CHECK POINTS ARE AVAILABLE

No

CORNER POINTS
* POINT 535328.164231 5279963.235404
* POINT 535328.164231 5338433.235404
* POINT 583958.164231 5338433.235404
* POINT 583958.164231 5279963.235404
* CENTER POINT

559643.164231 5309198.235404

ARCGIS RASTER PROPERTIES
GENERAL INFORMATION
* PIXEL DEPTH 8
* COMPRESSION TYPE RLE
* NUMBER OF BANDS 1
* RASTER FORMAT IMAGINE Image
* SOURCE TYPE discrete
* PIXEL TYPE unsigned integer
* NO DATA VALUE 0
* HAS COLORMAP Yes
* HAS PYRAMIDS Yes
Spatial Data Content
IMAGE DESCRIPTION
* TYPE OF INFORMATION

thematic classification

BAND INFORMATION
* DESCRIPTION Layer_1
* MAXIMUM VALUE 5.000000
* MINIMUM VALUE 1.000000
* NUMBER OF BITS PER VALUE 8
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FIGURE 13: LAND-COVER FOR NELSON COUNTY, ND, 2011
RASTER DATASET
Summary
Data are intended to provide land-use/land-cover information for Nelson County, North Dakota for
informational and for research purposes. Data were originally created as part of an effort to map
Conservation Reserve Program (CRP) lands in the county to study their spatial patterns over
time.
Description
Multi-temporal classification techniques (three scenes throughout the growing season) were used
to derive land-cover maps for 2011 in Nelson County, North Dakota from Landsat Thematic
Mapper (TM) data. Original TM data were obtained from the USGS EarthExplorer website
(https://earthexplorer.usgs.gov/).
-WRS Path: 31; Row: 27
-Scene dates: 05-02-2011; 07-21-2011; 09-07-2011
-Estimated overall classification accuracy: 95.5%
For more information regarding the accuracy of these data and the manner in which they were
created see:
Roehrdanz, N.L. 2012. Mapping and Analyzing Conservation Reserve Program (CRP) Enrollment
Patterns from 1991 to 2011 in Nelson County, North Dakota, Using Remote Sensing and GIS
Techniques. MS thesis, The University of North Dakota
Credits
Nicholas L. Roehrdanz, University of North Dakota, Department of Geography
Extent
West -98.529378 East -97.870650
North 48.198148 South 47.667613

Scale Range
Maximum (zoomed in) 1:50,000
Minimum (zoomed out) 1:500,000
Resource Details
DATASET LANGUAGES

* English (UNITED STATES)

SPATIAL REPRESENTATION TYPE

* grid
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* PROCESSING ENVIRONMENT Microsoft Windows 7 Version 6.1 (Build 7601) Service Pack 1; Esri
ArcGIS 10.1.0.3035
Spatial Reference
ARCGIS COORDINATE SYSTEM
* TYPE Projected
* GEOGRAPHIC COORDINATE REFERENCE GCS_WGS_1984
* PROJECTION WGS_1984_UTM_Zone_14N
* COORDINATE REFERENCE DETAILS
PROJECTED COORDINATE SYSTEM
W ELL-KNOWN IDENTIFIER 32614
X ORIGIN -5120900
Y ORIGIN -9998100
XY SCALE 450445547.3910538
Z ORIGIN -100000
Z SCALE 10000
M ORIGIN -100000
M SCALE 10000
XY TOLERANCE 0.001
Z TOLERANCE 0.001
M TOLERANCE 0.001
HIGH PRECISION true
LATESTWKID 32614
W ELL-KNOWN TEXT
PROJCS["WGS_1984_UTM_Zone_14N",GEOGCS["GCS_WGS_1984",DATUM["D_WGS_1984"
,SPHEROID["WGS_1984",6378137.0,298.257223563]],PRIMEM["Greenwich",0.0],UNIT["Degree
",0.0174532925199433]],PROJECTION["Transverse_Mercator"],PARAMETER["false_easting",50
0000.0],PARAMETER["false_northing",0.0],PARAMETER["central_meridian",99.0],PARAMETER["scale_factor",0.9996],PARAMETER["latitude_of_origin",0.0],UNIT["Meter",1.
0],AUTHORITY["EPSG",32614]]
REFERENCE SYSTEM IDENTIFIER
* VALUE 32614
* CODESPACE EPSG
* VERSION 7.9.4
Spatial Data Properties
GEORECTIFIED GRID
* NUMBER OF DIMENSIONS 2
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE column (x-axis)
* DIMENSION SIZE 1620
* RESOLUTION 30.000000 Meter
AXIS DIMENSIONS PROPERTIES
DIMENSION TYPE row (y-axis)
* DIMENSION SIZE 1949
* RESOLUTION 30.000000 Meter
* CELL GEOMETRY

area
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* POINT IN PIXEL

center

* TRANSFORMATION PARAMETERS ARE AVAILABLE
* CHECK POINTS ARE AVAILABLE

Yes

No

CORNER POINTS
* POINT 535328.164231 5279963.235404
* POINT 535328.164231 5338433.235404
* POINT 583958.164231 5338433.235404
* POINT 583958.164231 5279963.235404
* CENTER POINT

559643.164231 5309198.235404

ARCGIS RASTER PROPERTIES
GENERAL INFORMATION
* PIXEL DEPTH 8
* COMPRESSION TYPE RLE
* NUMBER OF BANDS 1
* RASTER FORMAT IMAGINE Image
* SOURCE TYPE discrete
* PIXEL TYPE unsigned integer
* NO DATA VALUE 0
* HAS COLORMAP Yes
* HAS PYRAMIDS Yes
Spatial Data Content
IMAGE DESCRIPTION
* TYPE OF INFORMATION

thematic classification

BAND INFORMATION
* DESCRIPTION Layer_1
* MAXIMUM VALUE 5.000000
* MINIMUM VALUE 1.000000
* NUMBER OF BITS PER VALUE 8
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